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INTRODUCTION 
The lethal yellow gene, (��) is a genetic mutation 
in mice which causes a number of defects. First described 
' 
in 1905 by Cuenot, the ��/- mouse has been the subject of 
one hundred or more studies. Yet, primary genetic and 
molecular ·lesions caused by �y remain unknown. 
' 
Cuenot (1905) reported that �y caused three aber-
rant phenotypic alterations; these included yellow coat 
color, obesity, and �mbryonic l�thality in �� homozygous 
embryos (�� / �y). Since 1905, a number of other �y-induced 
abnormalities have been reported (Bray and York, 1979). 
Among these aberrations is ��-induced repr6ductive senes-
cence. It is this particular �� character (i.e. reproduc-
tive failure of !�/- mice) upon which this thesis is 
focused. 
In addition to !�- induced reproductive failures, 
the lethal yellow gene (!�) also promotes a number of other 
abnormalities of interest to animal science and production 
agriculture. Knowledge about how these particular problems 
are caused could be used to manipulate farm animals for 
purposes of increased production. Some of these abnormali-
ties include: 
1 .  ReciproGal embryo-uterine relationships during 
implantation, i. e., experimental utilization of the �y/ �y 
embryos and uteri from yellow ·(�y/ �) and nonyellow (�/ �) 
2 
dams as components of a model system to investigate mammal­
ian implantation. 
2 .  
(1958) , 
Increased carcass size. Carpenter and Mayer 
Heston and Vlahakis (1961) , and others have shown 
that ��'causes a significantly increased skeletal size over 
that of non-mutant controls. 
3 .  Defects in the regulation of body heat. 
4 .  Unique nutritional pathways that channel food into 
fat rather than protein. The most comprehensive study on 
the relationship of �� to energy flow and other components 
of feed efficiency was conducted by Dickerson and Gowen 
(1947) ; they concluded that �� lowers feed requirements and 
increases ·energy storage per g of weight gain . .  Also 
Hollifield and Parson (1957) concluded that the yellow gene 
(��) alters cellular metabolism" . . .  in particular with 
regard to handling fat". From an animal science perspec-
tive, it would be worthwhile to determine precisely how �� 
changes cellular metabolism, because once understood, we 
could then develop treatments to channel incoming dietary 
energy to protein rather than fat, thus increasing feed 
efficiency, and 
5. Abnormal biochemistry leading to a diabetic-like 
condition and obesity. 
The concepts briefly outlined in items 1-5 immedi­
ately above are all of interest (in varying degrees) to the 
general disGipline .of animal science. They are all 




the lethal yellow 
4 
REVIEW OF LITERATURE 
��!�! i Qn!hiP Qf �y ! Q  �� PrQ�Y£! iQ� 
The lethal yellow gene (�y) of the agouti locus 
(MY! �Y!£Y! Y!) promotes a host of abnormal phenotypic 
alterations including obesity, embryonic lethality in �y 
homozygotes, cancer, coat color changes, sterility in 
females, and others (Bray and York, 1979). Danforth (1927) 
noted that le�hal yellow females (�y/-) had few litters and 
stopped production at an early age. Reduced reproductive 
efficiency in mature obese yellow mice (�y/�; Strain 
C57BL/6J), especially females, occurs progressively. �y/� 
females put into production at puberty· (�y/� � x ��� �and 
�y/ � � x �y/ � matings) rarely produce third litters, and in 
Dr. Granholm' s laboratory, have never been observed to 
produce fourth litters (Granholm and Brock, 1981). Obese 
yellow females over 12 wk of age simply do not breed well. 
Reproductive aspects of �Y have been thoroughly discussed 
by Brock (1978) and Cizadlo (1976). 
The inability of obese �y/� females to breed may be 
due to pheromonal aberrations. Tests of the neurosecretory 
c�mpetence of �y/ � mice of both sexes to prodtice, release, 
receive and respond to pheromones specific to Bruce and 
Whitten effects (Bartke and Wolff, . 1966; Kakihan�, Ellis, 
Gerlin, Blum & Kessler, 1974; Whitten, 1973) revealed no 
consistent differences between AY/� and nonyellow controls. 
5 
In a mating selection study using 6-12 wk old C57BL/6J ���� 
and ��� littermates, Granholm and Brock (1980) concluded 
that the �� gene did not influence mate selection or number 
of days to copulation, at least in young preobese or mildly 
obese !�/� females. 
In addition to their poor breeding performance as 
adults, reproductive tracts of !�/� females may actually be 
poorer (hostile) environments for developing embryos than 
nonyellow tracts. Cizadlo, Hoffman and Granholm (1975) 
showed that the average mean litter size of 4. 2±0 . 7 (mean ± 
standard error of the mean) from strain C57BL/6J !�/� x ��� 
matings was lower (P<0 . 0 5) than the mean of 6. 1±0 . 1 from 
the reciprocal cross in which embryos develop in nonyellow 
uteri. In the YS/ChWf strain, litter size from yellow 
female by black male matings (5. 4±0. 1) was reduced (P<0 . 0 5) 
over that of the reciprocal cross (6. 5±0 . 1) ;  in addition, 
there was a deficiency of !�/� progeny born to ���� females 
suggesting a specific deleterio�s uterine effect of geneti­
cally yellow uteri (!�/�) on heterozygous yellow (!�/�) 
embryos (Wolff and Bartke, 1966) . Furthermore, Wolff 
(1978) postulated that the differentiation o� �!�/� zygotes 
is controlled in part by oviductal and uterine factors of 
the dam. Apparently factors within reproductive trac�s can 
influence the expression of agouti locus genes during early 
cleavage stages. Because of the developmental retardation 
which occurs in-lethal ��/!� 4-c�ll embryos (Pedersen and 
6 
Spindle, 1976; Granholm and Johnson, 1978), it appears that 
the agouti locus is involved in some aspect of cleavage 
stage metabolism. Thus in 2- and 4-cell stages the agouti 
locus could be synthesizing specific gene products and 
could be influenced or regulated by factors within the 
reproductive tract. 
Kasten (1952) had difficulty in obtaining typical 
estrous stage smears from obese �y/- females during a two 
week trial period. Following semiquantitative histological 
analyses of ovaries from mildly obese and obese �y/-
females, Kasten (1952) concluded that only ovaries from 
obese females showed reduced corpora lutea and other signs 
of infertility. Marked luteinization of ovaries of both 
��/- and gray controls of strain YBR/Wi females have also 
been reported by Silberberg and Silberberg (1957). 
Kasten (1952) was the only scientist to date to 
analyze �� by making observations on the reproductive sys­
tem especially the ovaries. In order to establish mole-
cular and cellular bases of �y action, an analysis of the 
effects of �y on ovarian steroids in both cycling and 
pregnant ��/- mice should be conducted. Data on progester­
one and estrogen (estradial-176) in normally cycling mice 
were provided by Nelson et al. (1981). · In addition, plasma 
progesterone levels in pregnant mice have been determined 
7 
by Murr et al. (1974). However, neither these nor other 
studies deal with �y/- mice. 
Since �y may affect the maturation and/or release 
of ova from the ovary, it is pertine,nt to briefly sketch 
the endocrinology of oocyte maturation .and ovulation. 
Primordial follicles, consisting of one layer of follicle 
cells surrounding an oocyte, can be observed by d 18 of 
gestation. Growth and maturation of the follicles depends 
upon follicle stimulating hormone (FSH); the number of 
mature Graffian follicles is positively correlated to the 
concentration of plasma FSH (Whittingham and Wood, 1983 ). 
Approximately 12 h following the luteinizing hormone (LH) 
surge, ovulation occurs (Edwards and Gates, -1959). Inter-
estingly, the number of ova released varies with the dura-
tion of hormonal stimulation rather than absolute plasma 
FSH levels (McLaren, 1967). Murr et al. (1973 )  found that 
the variable ovulation rate observed in four lines of mice 
was due to changing ovarian sensitivities to FSH and LH not 
to the plasma concentrations of these hormones. Thus the 
sensitivity of ovarian follicular cells to gonadotropins is 
an important factor in determining ovulation number; the �X 
mutation may affect this overall sensitivity. 
In normal female mice, estrous cycles oc�ur every 
4-6 d. The enti�e · cycle can be divided into four phases. 
Proestrus and estrus, representing follicular phases, 
result in ovulation while metestrus and diestrus constitute 
8 
luteal phases. The ovulation-causing surge of LH is in­
duced by estrogen (Whittingham and Wood, 1983). Following 
ovulation, estrogen levels decline and corpora lutea are 
formed. Without copulation and fertilization, corpora 
lutea remain inactive. Low levels of estrogen feed back to 
the hypothalamus promoting the release of FSH and LH for a 
new estrous cycle. 
Little is known about the precise secretory timing 
of ovarian steroids in the mouse (Whittingham and Wood, 
1983 ). However, Nelson et al. (1981) have shown that peak 
progesterone levels in 4-d cycling C57BL/6J females 
occurred on d 3 (d 1 = proestrus); with estrus occurring on 
d 2, peak progesterone activity should be obs�rved about 24 
h following ovulation or estrus. 
To summarize, �X does not appear to cause obvious 
lesions in pheromonal communications and neurosecretory 
competence of young ���� mice of both sexes. ��/- females, 
reproductively efficient when young, undergo a progressive 
loss of fertility apparently correlated with age and obe­
sity. Moreover, conditions within genetically yellow 
(��/-) reproductive tracts may potentiate embryo and fetal 
deaths. 
Q�j�£!i Y�� 
Objectives of this study were: (1) to assess the 
status of infertility in old obese ���� (C51BL/6J) females 
9 
by determining estrous cyclicity and the potential of ova­
ries to liberate ova and (2) test the ability of repro­
ductively senescent ovaries to respond to exogenous gonado­
tropins. 
10 
MATERIALS AND METHODS 
The objective of these experiments was to determine 
the exact role of the yellow (��/�) ovary in the observed 
decline in the reproductive efficiency of aging obese 
yellow female mice. Previous studies (Cizadlo, 1976) have 
shown body weights of ���� mice to be statistically signif-
icantly heavier than ��� mice at sixty days of age; repro-
ductive effi�iency declines soon after this (Granholm and 
Brock, 1981; and Wolff and Bartke, 1966). 
The first experiment was designed to determine the 
basal level of ovarian function for Ax/� and age-matched 
control ��� mice greater than 120 days of age. Ten mice (5 
���� .$ and 5 ��� �) were randomly selected each day. 
Vaginal smears were prepared, the mice were killed, and 
components of the reproductive system were then dissected 
to determine weights of ovaries and uteri and to determine 
the presence and location of unfertilized ova. The hypo-
thesis that the ovary of old obese yellow females 
greater than 120 days of age could perform at the same 
level of reproductive efficiency as age-matched ovaries 
from control (�/�) females, 
tested. 
i.e. the null hypothesis was 
In the second experiment we tested the following 
hypothesis. Having determined that ovaries of old ���� 
females were reproductively quiescent when c�mpared t9 age-
11 
matched ��� females, the hypothesis that old ���� ovaries 
could respond in essentially the same manner as control ��� 
ovaries following treatments of exogenous gonadotropins 
follicle stimulating hormone (FSH) and luteinizing hormone 
(LH) was tested. Female mice of similar ages as those used 
in the first study (greater than 120 d of age) were given 5 
I. U. of pregnant mares' serum gonadotropin (a FSH-like 
hormone) followed 48 h later with 5 I.U. of human chorionic 
gonadotropin (a LH-like hormone). These levels are con­
sidered to be superovulatory levels, so this activity of 
drugs would be a good test for the ���� ovary. We also 
tested the ��/�'s ability to mate successfully by placing 
each superovulated female (���� and control �/�) with a 
proven nonyellow (�/�) male. 
Inbred mice (Strain C57BL/6J - ���� and �/�) were 
used for these studies. All mice were derived from matings 
of stock mice from the South Dakota State University Anim�l 
and Range Sciences Small Animal Facility. Breeding trios 
of two ��� females X one ���� male or two ���� females �X 
one ��� male were maintained in clear plastic cages with 
wire lids. Water and ����� �r��g�r �!Q� were provided �g 
!!Q!!�� to all mating cages. Water bottles were changed 
twice weekly and the bedding of pine shavings changed 
weekly. Records 'detailing date of mating, date of birth, 
and date of weaning were kept on cards attached to all 
mating cages. 
All litters were weaned, sexed, 
12 
and marked for 
identification by ear punching and toe clipping at approxi­
mately 28 d of age. Weanlings were placed 12 to 15 per 
cage in large aluminum cages and provided with ����� ��Q 
�! 2� and water �g ! i�i! Y�· All mice were kept in a con­
trolled light environment of 16 h light - eight h dark (off 
at 2200 and on at 0 600) with a temperature of 22 + 1 C and 
a relative humidity of approximately 50%. 
g���ri���! Q��� M�!h2g� !Q M����r�-��ErQQ�£!iY� ��rfQr���£� 
2f ��!r��!�g ��L� ��g �L� Mi£� �r��!�r Ih�� !�Q ���� Qf 
�g� 
The purpose of this experiment was to measure basal 
ovarian activity in aged, obese ���� mice. We analyzed 140 
total females. Each wk of a consecutive two wk period 70 
females (greater than 120 d of age) were randomly divided 
into 10 cages of seven females (4 ���� and 3 ��� or the 
reverse). Every day one female from each cage was with-
drawn for analysis. Genotype selection was alternated so 
each day's contingent had 5 ���� and 5 ��� females. 
Each female was weighed to the nearest 0 . 1 g. 
Vaginal smears were obtained by inserting the· flat end of a 
wooden. toothpick into the vagina and scraping ·caudally 
along the dorsal wall using the method described bi Whitten 
and Champlin (1978) . The sample was then spread on an 
appropriately labeled glass slide. Each smear was· then 
13 
viewed under a Nikon phase contrast microscope at 400 x for 
estrous stage determination. The following stage criteria 
(Rugh, 1968; Bronson et al. , 1966; Whitten and Champlin, 
1978) were used: 
Schematic Outline of Changes in the Histology of the 






Description of Vaginal Smear 
Mostly nucleated epithelial cells, some 
luekocytes. 
Mostly cornified epithelial cells but most 
clumped. A few nucleated epithelial cells. 
Very few or no leukocytes. 
Clumped cornified epithelial cells. 




Mostly leukocytes with some cornified epi­
thelial cells in early diestrus and some 
nucleated epithelial cells in late diestrus. 
Following estrous stage determination, females were 
sacrificed by cervical dislocation. Ovaries and uteri were 
removed and weighed to the nearest 0.1 mg on a Mettler 
spring balance. All organ weights were conducted in the 
following manner. Upon removal, the organ was placed on 
weigh paper and weighed. The organ was then removed and 
the weigh pape� reweighed. The organ weight was computed 
as the difference of these two weights . . 
- - - . --- . --. -- . -- . .... --- --- ... .. .  · -- - - ... .... 
14 
Uteri, oviducts, and ovaries were removed and 
placed in a physiological saline solution of 0 . 87% NaCl 
until they could be scored. One ovary each d was selected 
and prepared for later light microscope histology except on 
d 7 and,l4 when two were selected. The number of ovaries 
was equally divided between ���� and ��� animals. Ovaries 
were fixed in a 10 % formalin solution and processed into 
paraffin blocks by the South Dakota State University Veter­
inary Diagnostic Laboratory. 
The remaining ovaries were visually observed under 
a Nikon dissecting microscope at 50 x and then "pricked" 
apart with 25 gauge hypodermic needles similar to the 
techniqu·e described in Rafferty ( 1970) . Rafferty had used 
this technique to liberate ova from Graafian follicles for 
!!! Y!!!:.Q fertilization experiments. This ovary "punching" 
technique was judged to be a good method to standardize 
treatment between ���� and ��� ovaries and obtain a quanti­
tative measure of the ability of an ovary to liberate ova 
within ovarian follicles. 
Each ovary was divided in half and each half 
"punched" or "pricked" by 25 gauge hypodermic needles 75 
times. Ovarian fragments and ova were suspended by adding 
approximate 0 .5 ml of the physiological sali�e. Using the 
dissecting microscope, the number of ova were counted and 
the ovary was scored on the f�llowing four point scale: 1 
= no ova present,. 2 = presence·· of- 1-5 ova, 3 = presence of 
15 
6-12 ova, and 4 = greater than 12 ova. Although scoring 
categories were arbitrary, they provided information about 
ovarian activity. The high and low categories represented 
very active and inactive ovaries, respectively. The two 
middle categories allowed the moderately active ovaries to 
be subdivfded into high and low classes. 
Each uterine horn and oviduct was observed under. 
the dissecting microscope. If no ova could be detected in 
the ampullary region of the oviduct (i.e. the end of the 
oviduct in intimate contact with the ovary), the entire 
oviduct and uterine horn was flushed with 0.1 - 0.2 ml 
physiological saline following insertion of a truncated 30-
gauge needle into the oviductal ampulla. The tract was 
scored on the basis of the presence and location of ova 
observed in the flushed medium on the following scale: 1 = 
no ova recovered in the medium following flushing, 2 = ova 




and 3 = ova located in the ampulla of 
ovarian, and uterine weights were 
analyzed for statistical significance by analysis of 
variance. · Vaginal smears, ovarian, and uterine scores were 
statistically analyzed by Chi-square analysis of contin­
gency tables. Statistical differences between treatment 
groups were deemed to be significant at P<0.0 5 and P<O.Ol 
levels of probab�lity� 
16 
The raw data for this experiment (Experiment One) 
are compiled in Appendices I and II. 
g�2�ri��n! I�Ql M�! hQg� ! Q  M��� Yr� �� E�QQY£! 1Y� ���fQ���n£� 
Qf g Qn �gQ! �QE! n I���! � g  A� L� �ng �L� M!£� g���!�� Ih�n !�Q 
!!��� Qf AI� 
This experiment was designed to test the ability of 
the A�/� ovary to respond to supe�ovulatory levels of 
gonadotropin-like hormones PMS and HCG. 
PMS (Gestyl, Organon) was prepared immediately 
prior to the start of the experiment. Each PMS vial con­
tained 400 I.U. ( International Units of biological 
activity) in a lyophilized form. ·one ml of sterile saline 
was added to the.powder to rehydrate the PMS and then 
removed and placed in a sterile 25 ml vial with 7 ml of 
Brinster's medium added as a diluent. The final concen­
tration of the hormone was 50 I.U. per ml or 5 I.U. per 0 . 1 
ml (400 I. U. /8 ml). Each mouse received a 0 . 1 ml injection 
containing 5. 0 I.U. of PMS. 
The HCG (Pregnyl, Organon), which was also lyophil­
ized, was reconstituted and diluted with Brinster' s .medium 
to a final concentration of 50 .  0 I.U./ml. Again, each 
mouse received a 0 . 1 ml injection containing 5. 0 I.U. HCG. 
One hundred twelve mice . (56 ���� and 56 ��� 
females) greater than 120 days of age were tested. All 112 
mice were randomly allotted into 14 groups. Each of the 14 
17 
groups contained a total of eight mice (4 ���� and 4 �/�). 
Table 1. depicts the schedule or chronology of gonadotropin 
injections, copulatory plug assessment, and reproductive 
tract analysis for each of the 14 individual groups. For 
example, mice in Group 1 were injected SC at 1800 h (6:0 0 
p. m. ) with 5. 0 I . U . of PMS on d 1. · Forty eight h later 
(180 0 h, day 3) , mice of Group 1 were injected with 5. 0 
I . U . of HCG. Each injected female of Group 1 was then 
paired with a vigorous, proven ��� male and checked for a 
copulatory vaginal �lug at 060 0  h (6:00 a. m. ) on d 4. The 
analysis of Group 1 reproductive parameters occurred at 
0800 h (8: 0 0 a. m. )  on d 5. 
The analyses of reproductive parameters included 
the following. Thirty-eight h following HCG injection, 
each female was weighed to the nearest 0. 1 g and sacri­
ficed. Ovaries and uterine tracts were removed and each 
pair of organs were weighed to the nearest 0. 1 mg. One 
ovary from each female was selected for fixation in for­
malin and later paraffin �mbedding as previously described. 
The remaining ovary was mechanically "punched" as 
previously described. The number of liberated ova were 
counted with the aid of a Nikon dissecting microscope at 50 
x. Following separation of the uterine· horn and o�iduct, 
the oviduct was �bserved for 
·
the presence of ova in the 
ampullary region and then flushed-by the previously des-
cribed technique. Recovered ov� and/or embryos were 
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TAB L E  1. C HRONO LOGY FOR G O NAD OTRO P I N  I NJ E C T I O N S , C O P U L ATO RY 
P L UG A S S E S S ME NT , AND R E P RO D UC T I V E  TRACT A N A LYS I S  O F  
E XP E R I M E NTA L A N D  C O NTRO L M I C E  
1!�� 
Copu l atory R e p r oduct i v e  
Gon a dotrop i n  P l ug Assess- T r act 
!!!j�£�!Q!! ��!!� �!!!!!�!�! 
PMS HC G 
D ay 1800 h r s  180 0 h rs 060 0  h rs 0800 hour s 
-----------------------------------------------------------
1 G roup 1 
2 
3 G roup . 2 G roup 1 
4 G r o up 1 
5 G roup 3 G roup 2 G roup 1 
6 G roup 2 
7 G roup 4 G roup 3 G roup 2 
8 G roup 3 
9 G roup 5 G roup 4 G roup 3 
10 G roup 4 
11 G roup 6 G roup 5 G roup 4 
12 G roup 5 
13 G roup 6 G roup 5 
14 G roup 6 
15 G roup 6 
16 G roup 7 
17 G roup 8 
18 G roup 9 G roup 7 
19 G roup 10 G roup 8 G roup 7 
20 G roup 11 G roup 9 G roup 8 G roup 7 
21 G roup 12 G roup 10 G roup 9 G rou p 8 
22 G roup 13 G roup 11 G roup 10 G r o u p  9 
23 G roup 14 G roup 12 G roup 11 G roup 10 
24 G roup 13 G roup 12 G roup 11 
25 G roup 14 G roup 13 G roup 12 
26 G roup 14 G roup 13 
· 27 G roup .14 
-----------------------------------------------------------
1 9  
class i fi e d  as normal ov a (N ) , ves i c ula t e d  ov a ( V ) , a n d 
emb ryos (E ) .  The stage of d eve l opment ( 2 - or 
stage ) w as also n ote d . 
4- c e l l  
N ume r i c a l  d i ffe r e n c es i n  r eproducti ve pa r am e t e rs 
b e t w e e n  !Y/� a n d  con t ro l  ��� m ice w e r e  st a t i st i c a l l y  
an alyz e d  us i ng C h i -squa r e  a n d  an alys i s  of var i an c e . 
Th e r aw d ata from th i s  expe r i me n t  ( E xpe r i me n t Two ) 
a r e  comp i l e d i n  A p pe n d i c es I I I  a n d  I V . 
2 0  
RESULTS 
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The ob j ect i v e  of th i s  e xpe r i me n t was t o  d e t e rm i n e  
t h e  b asa l ov a r i an a c t i v i ty of ob ese y e l l ow ( �� / � )  m i c e of 
gr e a t e r  t ha n  1 2 0 days of age a n d  com p a r e  t he i r  r eprod u c t i v e  
p e rforman c e  to th a t  of age- m atc h e d  b l ac k  ( � / � )  m i c e . 
S e v e n t y  fem a l� m i c e of e a c h  genot y p e  ( 6y / �  a n d  �/ �; S t r a i n  
C 5 7 B L / 6J ) w e r e  s a c r i f i c e d  ov e r  a s� r i es of se v e n  d pe r i ods . 
The fol l ow i ng d a t a we r e  col l e cted for e ach fem a l e: (1) 
b ody w e i gh t , ( 2 )  ov a r i an w e i gh t , (3 ) estrous st age , ( 4 )  
ov u l a t i on r a t e , ( 5 )  l oca t i on of ov a w i t h i n  r e p rodu c t i v e  
t r a c t s  an d ( 6 ) u t e r i n e  w e i gh t s .  Raw da t a  for t h i s  exp e r i -
m e n t a r e  p r ese n t e d i n  A p p e n d i c e s  I an d I I .  
Est rous cyc l es i n  o l d  �y / �  m i c e  d i ffe r e d  from t hose 
of age -ma t ch e d  �� � con t ro l s . AY / � fema l e s e x h i bit e d  mor e 
( P<0 . 0 5 )  m e t e s t r u s - a n d  d i est r us- an d few e r  ( P<0 . 0 5 )  
e s t r us - t yp e  sm e a r s  t ha n  d i d �� � con t rol s ( Tab l e  2 ) . Of t h e  
7 0  �y/� fem a l e s  t e s t e d , on l y  1 3  ( 1 8 . 6% )  h a d  t yp i c a l  est rou s 
sme a r s . F em a l e s i n  m e t e s t r us a n d  d i e s t ru s  a c cou n t ed for 
7 0 . 0 % ( 4 9 / 7 0 ) of t he pop u l a t ion i n  A� / � m i c e  as c om p a r e d  t o  
3 7 . 1 �  ( 2 6 / 7 0 ) i n � � �  contro l s . How e v e r , a l l e s t rous st age s 
w e r e  ob s e r v e d  i n  � � � � fem a l e s . Th e r efor e ,  how e v e r  ab e r r an t 
or p ro l on ge d , 
e s t rous cyc l e s . 
s om e  �� � �  fem a l e s  d i d  u n d e rgo com p l e t e  
TA B L E 2 .  E F F E CTS O F  THE L ETHA L YE L LOW G E NE (��) 
O N  REPRO DUC T I V E  PE R FO RM ANC E I N  UNTR E ATE D M I C E  
G REA T E R  T H A N  1 2 0  D AYS O F  AG E 
2 1  
Pa r amete r measu r e d  
S tat i s t i c a l  
prob ab i l i ty 
Numb e r  of fema l e s 7 0  
Est rous S t age ( % ) 
E strus 1 8 . 6  ( 1 3 / 70 )  
M e t e s tr u s  4 2 . 8  ( 3 0 / 7 0 ) 
D i estr us 2 7 . 1  ( 1 9 / 70 )  
Proe strus 1 1 . 4  ( 8�7 0 ) 
Me an body wt (
.
g )  4 6 . 1 ± 0 . 7 
Me an ov a r i an w t  ( mg )  7 . 9± 0 . 3  
M e an ute r i n �  wt ( mg )  4 9 . 2 ± 4 . 1 2 . 
M e c h an i c a l l y l i b e r ated ooc ytes ( % ) . 
No . of ov a r i es s cor e d  1 3 1  
Ab s e n c e  of ooc yte s 4 . 6 ( 6 / 1 3 1 )  
1 - 5 ooc ytes 4 2 . 0  ( 5 5 / 1 3 1 ) 
6 - 1 2  ooc y t e s  4 5 . 8  ( 60/ 1 3 1 )  
> 1 2  oocyt e s  7 . 6  ( 1 0/ 1 31 )  
O v u l ation r a t e  4 . 3±3 . 3  
( n= l 5  ) 
Pe r c e nt fema l es possess i ng 
1 -4 ova 6 0 . 0 ( 9 / 1 5 ) 
5 - 8  ov a 2 6 . 7  ( 4 / 1 5 ) 
> 8 ova 1 3 . 3  ( 2 / 1 5 ) 
O v a  w i th i n  r eprodu cti v e  tra cts ( % ) 
Ab s e n c e  of ov a 
i n  tr a cts 7 5 . 7  ( 5 3 / 7 0 )  
O v a  i n  amp u l l a 
of ·ov i duct 5 . 7  ( 4 / 7 0 ) 
O v a  i n  tr a c t b ut 
not amp u l l a 1 8 . 6 ( 1 3 / 7 0 ) 
7 0  
4 4 . 3  ( 3 1 / 7 0 ) 
2 2 . 9  ( 1 6 / 7 0 ) 
1 4 . 3  ( 1 0 / 7 0 ) 
1 8 . 6 ( 1 3 /7 0 ) 
2 5 . 8 ±0 . 3 
5 . 7 ± 0 . 2  
84 . 3 ± 7 . 1 
1 3 1  
6 . 1 ( 8 / 1 3 1 )  
2 8 . 2  ( 3 7 / 1 3 1 )  
4 0 . 5  ( 5 3 / 1 3 1 )  
2 5 . 2  ( 3 3 / 1 3 1 )  
7 . 0±2 . 8  
( n=3 5 ) 
2 5 . 7  ( 9 / 3 5 ) 
3 4 . 3  ( 1 2 / 3 5 ) 
4 0 . 0  ( 1 4/3 5 ) 
47 . 1 ( 3 3 / 7 0 ) 
2 4 . 3  ( 1 7 / 7 0 ) 
2 8 . 6  ( 2 0 /7 0 ) 
P<0 . 0 5  
P<0 . 0 5 
P<o . g5 
NS 
P<O . Ol 
P<O . Ol 
P<O . Ol 
N S  
P<O . Ol 
N S  
P<O . Ol 
N S  
P<0 . 05 
NS 
N S  
P<O . Ol 
P<O . Ol 
N S  
----------------�------------------------------------------
1 2 V a l ue s  a r e  m e an ± s . e . 
3 S e e M ate r i a l s  an d Meth o d s  for proc e d u r e s �  
P>0 . 0 5 .  
2 2  
- � � � � female s 1 2 0 d a n d  old e r  had a m e a n  b ody w e i gh t  
of 4 6 . 1 ± 0 . 7 g w h i ch w a s  h i gh e r  ( P<O . Ol )  t ha n  t h a t  of � � � 
femal e s  ( 2 5 . 8+0 . 3  g ) . � � � � fem ales w e i gh e d  7 8 . 7 %  mor e t h a n  
d i d  � � �  con t rols , a n  e xpr e s s i on of ��- i n du c e d  ob e s i t y .  
M e a n  ov a rian w e i g h t s  d i ffe r e d  ( P<O . Ol) b e t w e e n  t h e 
t wo ge not ype s w i t h � � � �  ov a r i e s ( 7 . 9±0 . 3 m g ) w e i gh i n g  mor e 
t h a n  a/ a con t rols (5 . 7 + 0 . 2  mg ) . O v a r i an w e i gh t s ( Table 3 )  
of � � �  m i c e  w e r e  g r e a t e s t  a t  e s t r u s  w i t h  con s t an t  w e i gh t s  
a t  t h e  r ema i n i ng e s t rou s  s t age s . I n  con t r a s t , � � � � ov a r i e s 
w e i gh e d  mos t a t  d i e s t r u s  ( 8 . 4±0 . 5  mg ) a n d  le a s t a t  e s t r u s  
( 6 . 8±0 . 8  m g ) . P at t e r n s  of ov a r i an w e i gh t  g a i n  a n d  los s  
du r i ng t h e  e s t r u s  cycle w e r e  d iffe r e n t  b e tw e e n  m i c e of t h e 
A�/ �  a n d  �� � g e n otype s .  I n  ��� � fem ale s , i n c r e a s e s  i n  
ov a r i an w e i gh t s  oc c u r r e d  a t  m e t e s t rus a n d  d i e s t r u s  b u t n o t  
a t  e s t r u s ; i n  cont r a s t  � � �  female s h a d  i n c r e a s e d  ov a r i an 
w e i gh t s a t  e s t ru s  wh i c h t h e n  d e cl i n e d  a t  m e t e s t r u s . 
U t e r i  of !Y/ �  fem ale s ( 4 9 . 2±4 . 1 mg ) w e i g h e d  le s s  
( P<O . Ol )  t h an u t e r i  of � � �  con t rols ( 84 . 2±7 . 1 mg ) . A n aly ­
s i s  of u t e r i n e w e i gh t s  b y  e s t rou s s t age ( Table 3 )  r e v e al e d 
s i gn i f i c a n t  d i ffe r e n c e s  b e t w e e n  g e not ype s ( P<0 . 0 5 )  a t  
·m e t e s t r us a n d  d i e s t r u s . M e a n  u t e r i n e  we i gh t s  of m i c e of 
bot h genot ype s w e r e  g r e a t e s t  a t  e s t r us a n d  le a s t a t  d i es­
t r u s  w i t h  t h e m a x i m um we i gh t  d i ffe r e n c e  b e i n g  s i m i la r , i.e . 
3 6 . 1  m g  for ��� � · and 4 0 . 8  m g  � � � · Pa t t e r n s  of u t e r i n e  
w e i gh t  ga i n  an d los s d u r i n g  t he e s t rotis cycle w e r e  v e ry 
s i m ilar b e t w e e n g�not ype s ; u t e r i n e· w e i gh t s  i n c r e a s e d  d u r i n g  
TAB LE 3 .  WE I G H T S  O F  O V AR I E S  AND UTE R I  AT 
D I F FE R E NT STAG E S O F  T H E  E S T ROUS CYC L E  I N  UN T RE A T E D  ���� 
A N D  � �� M I C E  G R E ATE R THAN 1 2 0  D AYS O F  AG E 
2 3  
P a r am e t e r s co r e d  
S t a t i s t i c a l  
p rob ab i l i t y  
M e an ov a r i an w e i gh t
1 
( mg )  2 0 . 8 , - 1 5 . 0  E s t r us 
M e t e s t ru s  
D i e s t rus 
P roe s t ru s  
6 . 8 ± 
7 . 9 ± 
8 . 4 ± 
8 . 0 ± 
0 . 5 , + 1 6 . 2 
0 . 5 , +  6 . 3 
1 . 0 , - 4 . 8  
M e a n  u t e r i n e  we igh t  
( mg )  
E s t rus 
M e t e s t r u s  
D i e s t rus 
P roe s t r u s  
6 9 . 7 ± 1 0 . 2 , + 1 4 . 3 
4 6 . 1 ± 5 . 7 , - 3 3 . 8  
3 3 . 6± 3 . 2 , - 2 7 . 1  
6 1 . 0 ± 1 1 . 3 , +84 . 8  
6 . 0 ± 0 . 3 , +1 3 . 2  
5 . 3 ± 0 . 4 , - 1 1 . 7  
5 . 3 ± 0 . 4 , +  3 . 4  
5 . 3+ 0 . 4 , - 3 . 6 
9 8 . 0 ± 5 . 0 , +  3 . 5  
6 6 . 0 ± 5 . 4 , - 3 2 . 6  
5 7 . 1 ± 1 3 . 2 , - 1 3 . 3 
94 . 7 ± 1 1 . 4 , +65 . 5  
N S  
P<O . O l 
P<O . O l 
P < O . O l  
N S  
P<0 . 0 5 
P<0 . 0 5 
N S  
1 
· S e e T ab l e  1 for n o . of m i c e  a t  e a c h  s t age of e s t rous 
c y c � e .  
P e r c e n t age c hange i n  w e i gh t  from p r e v i ou s  s t age of 
e s t rou s  c yc l e . 
p r oe s t rus , p e a k e d  a t  e s t r u s , d e c l i n e d  d u r i ng m e t e s t r u s  and 
r e a c h e d  m i n i mum v a l u e s  at d i e s t r us . 
Th e pot e n t i a l  of ov a r i e s t o  p rodu c e  a n d  l i b e r a � e 
ov a w a s  t e s t e d b y  m e c h an i c a l  m e a n s . A me t hod d e s c r i b e d  b y  
R affe r t y  ( 1 9 7 0 )  i n  wh i ch e x c i s e d ov a r i e s !� y!�rQ a r e  
"p r i c k e d" b y  2 5 -ga . n e e d l e s t o: l i b e r a t e ov a r i an ooc y t e s  
( s �e M�t e r i a l s  an d M e t hod s ) was adop t e d . . L i b e r a t ed ooc y t e s  
w e r e  poo l e d  and coun t e d  t o  p rov i d e a n  i n d e x  of ov a r i an 
a c t i v i t y . Aft e r  m e c h an i c a l  t r e a t m e n t  of 2 6 2  ov a r i e s ( 1 3 1  
of e a c h  genot y p.e ) , �Y.I� ov a r i e s . y i e l d e d  fewe r ( P< 0 .  0 1 )  
2 4  
o o c yt e s  i n  t h e > 1 2 o o c y t e c a t egory t h an d i d  t h o s e  o f  ��  
c o n t ro l s  ( s e e  T ab l e 2 ) . A l t h o ugh o n l y  7 . 6 % o f � � �  o v a r i e s  
w ere c a p ab l e  o f  l i b era t i n g  gre a t er t h an 1 2  o o c y t e s , t he y  
d i d  c on t a i n  morp ho l ogi c a l l y  n orma l  o o c y t e s . From t ha t  
s t andp o i n t , o v ar i e s  o f  o l d � � �  fema l e s a p p e a r e d  t o  b e  
fun c t i o n a l . 
R epro du c t i v e  t r a c t s  o f  t h e  1 4 0 m i c e  ( T ab l e  2 )  were 
e x am i n e d for t h e  pre s e n c e  a n d  l o c a t i o n o f  o v a . ·we u s e d  
t hre e s c or i n g  c r i t er i a :  ( 1 )  ab s e n c e  o f  o v a  i n  t ra c t s , ( 2 )  
o v a  pre s e n t  i n  amp u l l a o f  o v i du c t , a n d  ( 3 )  o v a  p re s e n t i n  
regi o n s  o t her t h a n  amp u l l ae .  M ore ( P<O . O l )  re pro d u c t i ve 
t ra c t s  o f  ��  m i c e ( 2 4 . 3 % )  c on t a i n e d  amp u l l ary o v a  t ha n  d i d  
t ra c t s  o f � � �  m i c e  ( 5 . 7 % ) . 
The m e an n umb e r  o f  o v a  s h e d  p er s p o n t an e o u s  o v u l a­
t i o n  i n  un t re a t e d  o l d  � � �  fema l e s were 4 . 3 ± 3 . 3 . T h i s  
f i gure w a s  n um e r i c a l l y l ower b u t  n o t  d i f fere n t ( P<0 . 0 5 ) 
from t h a t  for age- m a t c h e d �� � c o n t ro l s  ( 7 . 0 ± 2 . 8  o v a ) . 
How e v e r ,  t h e d i s t r i b u t i o n o f  t h e  n umb er o f  o v a  p er o v u l a-
t i o n  w a s  d i f f ere n t  ( P<0 . 0 5 )  b e t w e e n  ge n o t yp e s  ( T ab l e  2 ) . 
O f  1 5  ��� � f em a l e s p o s s e s s i ng o v a , 6 0 . 0 %  p o s s e s s e d o n l y  1 - 4  
ov a i n  t h e i r repro du c t i v e  trac t s  a s  c omp a r ed t o  2 5 . 7 % o f  
��  fem a l e s , a d i f f ere n c e  ( P<0 . 0 5 ) . T h e  t wo rem a i n i n g  
gen o t yp e  c om p ar i s o n s  ( 5 - 8  o v a  a n d  > 8  o v a ) s h o w e d  n um er i c a l  
b u t  n o t  s t a t i s t i c a l  d i f f ere n c e s . T h e  t o t a l  s amp l e  s i z e  ( 15 
6� /� an d 3 5  � � �  f em a l e s w a s  adm i t t e d l y  s m al l . 
2 5  
S i n c e  t he p r e s enc e o f  o v a  i n  amp u l l a e  i nd i c a t e s  
e s t ru s , o n e  c a n  c omp a r e  t he a s s i gnm e n t  o f  m i c e  t o  t he s t ag e  
o f  e s t ru s  b y  u s i ng b o t h  amp u l l a r y  o v a  a n d  v ag i n a l  s m e a r  
cr i t e r i a .  U p o n  m a k i ng t h i s  c omp a r i s on ,  5 4 . 8% ( 1 7 / 3 1 ) o f  
��  fema l e s s c o r ed i n  e s t ru s  ( Tab l e  2 ,  row 3 )  c on t a i n ed 
ampu l l ary o v a ,  w h e r e a s  o n l y  3 0 . 8% ( 4 / 1 3 ) � � �  f e m a l e s  
s c o r ed i n  e s t r us p o s s e s s ed ampu l l a r y  o v a . T h e  du r a t i o n o f  
e s t ru s  may b e  p r o l onged i n  ���  m i c e . Th e r e  m a y  b e  an � �­
i ndu c ed endo�r i ne d i s s o c i at i on b e t w e en t he a c t i on o f  
ho rm one s ac t i ng o n  t h e o v a ry and v agi n a  r e s u l t i ng i n  a n  
e x t ended e s t r o u s  s t age . P e rha p s  o v u l a t i o n i n  ���  m i c e i s  
de l a yed r e s u l t i ng i n  an a s yn ch r o n y  b e t w e e n  o v a r i an and 
v ag i na l c y c l e s . 
R e l a t i on s h i p s  b e t w e e n  ob e s i t y and f e r t i l i t y  a r e  
d i s p l ayed i n  T ab l e  4 .  Th e e n t i r e p o p u l a t i o n o f  e a c h  
ge n o t yp e  w a s  d i v i ded i n t o  thr e e  w e i gh t  s ub p o p u l a t i o n s  
r anging f r om h i gh e s t  one t h i rd t o  l ow e s t one t h i rd o f  t h e 
p o p u l a t i on w e i gh t . R e p r odu c t i v e  p a r am e t e r s  w e r e  t h e n  
r e c o rded i n  e a c h  o f  t h e s ub p o pu l a t i ons . Fo r e x amp l e , � ��  
fema l e  w e i gh t s  r a nged f r om 3 4 . 2  t o  5 7 . 7  g ,  a r ange o f  2 3 . 5  
g .  Upon di v i d i ng 2 3 . 5  g b y  3 . 0 , on e c an s p l i t  t he ent i re 
p o p u l a t i on o f  � ��  m i c e i n t o t h r e e  s ub p o p u l a t i o n s  b a s ed on 
w e i gh t . M i c e  w i t h i n  t h e s e s ub p op u l a t i ons w e i gh ed: ( 1 )  
3 4 . 2 -4 1 . 9  g ,  ( 2 )  4 2 . 0 - 4 9 . 8 g ,  and ( 3 ) 4 9 . 9 - 5 7 . 8  g .  Fem a l e s 
w i t h in t he ��  p o pu l a t i on we r e  a l s o  s ubd i v i ded i nt o  t h r e e  
s ub p o pu l a t i o n s  b y_ w e i gh t . W e i gh t s  o f  t he s e s ub p o p u l a t i o n s  
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w e r e : ( l ) 2 0 . 0 - 2 3 . 9  g ,  ( 2 )  2 4�0- 2 7 . 9  g ,  a n d  ( 3 )  2 8 . 0- 3 1 . 9  
g .  No t e  t ha t  � ��  a n d ��  we i gh t  dis t r i b u t i o n s  w e r e  c om-
p l e t e l y  s ep a r a t e p o p u l a t i o n s . The r e  w a s  n o  o v e r l ap b e t w e e n  
t he he avie s t  ��  s ub p op u l a t i o n ( 2 8 . 0- 3 1 . 8  g )  a n d  t he 
l ight e s t �Y.I� s ub p o p u l a t io n  ( 3 4 . 2 - 41 . 9 g )  . 
A s  e x p e c t e d ,  m e a n  b o dy weight s o f  ���  an d ��  
f e m a l e s wit hin t he s i x s ub p op u l a t i o n s  ( Tab l e 4 )  w e r e  
r e p r e s e n t a t i v e. o f  t he f em a l e s w i t hin t heir r e s p ec t i v e  
gr o up s . I n  t he c a s e o f  � Y.I � fema l e � and t o  a l e s s e r  e x t e n t  
w i t h ��  fem a l e s , t he t h r e e  s ub p opu l a t io n s  wit hin e a c h  
gen o t yp e  p r o v i d e a n  i n d e x  o f  t he d egr e e  o f  adip o s i t y o r  
ob e s i t y� Fo r e x amp l e , �Y./� m i c e  in the 4 9 . 9 - 5 7 . 8  g g r o u p  
had a me an b o d y  w e igh t o f  5 3 . 1 ± 0 . 5 g a n d  w e r e  f a t t e r  o r  
mo r e  ob e s e  t han tho s e  � Y.I� fema l e s in t h e o t h e r  t w o w e i ght 
s ub p o p u l a t io n s . Thus b y  c omp a ring r ep r o duc t iv e  p a r am e t e r s 
in e a ch o f  t he s e  s ub p o p u l a t i on s , o n e  m ay l e a r n  h o w  t he 
degre e o f  ob e s i t y  a f fe c t s  rep r o d u c t ion i n  �Y./� mic e . 
O v a r i an w e i ght s s e em e d  t o  r e l a t e  d i r e c t l y  w i t h  
degr e e  o f  adip o s i t y .  
o v a r i e s . 
Fa t t e r m i c e  ha d n um e r i c a l l y  he a v i e r 
U t e r i n e  w e i ght s r e l a t e d in v e r s e l y  with d egr e e  o f  
adip o sit y in b o t h  gen o t yp e s . U t e r i  in t he l i ght e s t  
s ub p opu l a t i o n o f  � � �  m i c e we i ghe d 6 0 . 9± 1 0 . 0  g ,  a n  in c r e a s e 
o f  3 6 . 8% o v e r  t ha t  ( 4 4 . 5 ±5 . 2 ) o f  ���  fema l e s in t he he a v -
ie s t  s ub p o pu l a t i o n . C u rious l y , ��  f emal e s  a l s o  s how e d  
T ABLE 4 .  REPRODUC T I VE PE RFORMANCE O F  UNTREATED 8y ! �  and  @ I �  M 1 C E  GREA�ER  
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� E i Qht  d i st r i b � t i o G s  of  e � c h  g en o type we� e d i Yi ded  i n t o  t h r 2 2  e q u � i  
Hekgh�:; :�:p:�;;� ��:: :. :�:� a } 
t r e at ment o f  c v ar i es l " � un c h i n g u ; i n  v i t r o .  
3 R at i o  o f  f E 1na l 2 s i n  met estrus  p l u s d i estrus  t o  t h ose i n  proestr u �  p i u ; 
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t h i s  t r e n d  p o s s e s s i n g  u t e r i n e  we i gh t s o f  8 9 . 8 ± 1 0 . 6 ,  
8 3 . 3 ± 11 . 1 ,  an d 7 7 . 9± 1 3 . 4  i n  t he l owes t i n t e rm ed i a t e  a n d  
h i ghe s t  we i gh t  s ub p o p u l a t i o n s  r e s p e c t i v e l y .  
O o c y t e  s c o r e  d a t a ( T ab l e  4 )  w e r e  s om ew h a t  
amb i guous . W i t h i n  !�/� f em a l e s  2 . 4 % o f  t he o v a r i e s f r o m  
h e av i e s t  g r oup y i e l de d  > 1 2 o o c y t e s ; whe r e as , t he i n t e r -
m ed i a t e a n d  l ow e s t w e i g h t  g r o up s  h a d  1 2 . 2  an d 9 . 8% o v a r i e s  
i n  t h e >1 2 o o c y t e c a t e g o r y . I n  c on t r a s t , o o c y t e s c o r e s  i n  
t h e 6 - 1 2  o o c y t e c a t e g o r y  i n d i c a t e d  t h a t  o v a r i e s  i n  t h e  
h e a v i e s t  g r oup s h e d  t he mo s t  o o c y t e s . T h e r e f o r e , t h e s e 
d a t a ,  wh i c h r e f l e c t  g r e a t e r o v a r i an a c t i v i t y i n  l i gh t e r  
6�/ � g r o u p s  f o r  t h e  > 12 o o c y t e  c a t �go r y  an d g r e a t e r  o v a r i an 
a c t i v i t y  i n  h ea v i e r 6 � / � g r oup s . f o r  t h e  6 - 1 2  o o c y t e  c a t e -
g o r y , a r e  e qu i v o c a l .  
D a t a o n  r e p r o du c t i v e  t r a c t  s c o r e s  ( T ab l e  4) s h o w  
t h a t  fe r t i l i t y i n  !�/� fema l e s i s  i n v e r s e l y  r e l a t e d w i t h  
de g r e e  o f  ob e s i t y .  T h e  f a t t e r t h e  f em a l e ,  t h e  p o o r e r  t h e  
. 
fe r t i l i t y .  O f  t h e 2 2  fem a l e s i n  t h e h e a v i e s t  ���  g r o up , 
on l y  3 o r  1 3 . 6% p o s s e s s e d o v a  a s  c omp a r ed t o  3 6 . 3 %  ( 8 / 2 2 ) 
i n  t h e  l i gh e s t 6 � / � g r o up . T h e  o t h e r  t w o  c a t e g o r i e s 
( amp u l l a t o r y o v a  and n o n ampu l l a t o r y  o v a ) a l s o  s up p o r t  a n  
ob e s i t y� i n du c e d  d e c l i n e  i n  r ep r o d uc t i o n a s s o c i a t e d  w i t h ! � · 
V a g i n a l  s m e a r  s c o r e s  a l s o  s uppo r t  t h e  h yp o t h e s i s  
that f e r t i l i t y i n  ��� � fem a l e s i s  n e g a t i v e l y  i n f l u e n c e d  b y  
degr e e  o f  ob e s i t y .  E s t r o u s - s t a g e  s m e a r s  i n d i c a t e  r e c en t  o r  
i mp e nd i n g  o v u l a t i o n . . E s t r o us · �c o r e s  fo r t h e h i gh e s t , 
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i n t e rm e d i a t e  a n d  l ow e s t  w e i gh t  gr oups o f  A�/� f e m a l e s  w e r e  
9 . 1 ,  1 5 . 4  an d 3 1 . 8% r e s p e c t i v e l y .  S i m i l a r l y  M + D / P + E  
r a t i on w h i c h  p o o l a l l o f  t h e  e s t r o us d a t a i n  o n e  r a t i o ,  
c l e a r l y  s h ow a p r ogr e s s i v e  i n c r e a s e i n  e s t r o u s  a c t i v i t y  a n d  
t h e r e fo r e  f e r t i l i t y a s  t he degr e e  o f  ob e s i t y  i n  � � �  
fema l es d e c l i n e s  ( T ab l e  4 ,  b o t t om r ow ) . 
T o  s umm a r i z e , t he r e p r o duc t i v e  p e r f o rm a n c e  o f . 
n o n t r e a t e d  A�/� f e m a l e s g r e a t e r  t ha n  1 2 0  days o f  age i s  
i n f e r i o r  t o  t h a t  o f  age- m a t c h e d  � � �  c on t r o l s . � � �  f e m a l e s 
p o s s e s s  gr e a t e r  b 6 dy w e i gh t s , ab e r r an t  e s t r o u s  c y c l e s , 
h e a v i e r  o v a r i e s , l i gh t e r  u t e r i , few e r  o o c y t e s  p e r  o v a r y , 
f ew e r  o v a- b e a r i ng r e p r o d u c t i v e  t r ac t s , and f ew e r  o v a  p e r  
o v u l a t i o n t h an ��  c o n t r o l s . I n  a d d i t i o n ,  i n fe r t i l i t y  i n  
��� � fema l e s s e em s  t o  b e  d i r e c t l y  r e l a t e d w i t h  t h e degr e e  
o f  ob e s i t y .  A s  � � � �  f em a l e s  b e c o m e  fa t t e r , t he i r  ab i l i t y  
t o  r e p r odu c e  d e c l i n e s . 
E x p e r i me n t O n e  ( d i s c us s e d  ab o v e ) s h ow e d  t h a t  t h e 
r e p r o duc t i v e  p e r f o rm an c e  o f  un t r e a t e d age i ng A � /� fema l e s  
w as q u a l i t a t i v e l y  i n f e r i o r t o  t h a t  o f  age -m a t c h e d  ��  
l i t t e rm a t e s . Ne x t  t he e f f e c t  o f  e x oge n o u s  go n a do t r o p i n s  o n  
t he r e s t o r a t i o n  o f  r ep r o du c t i v e fun c t i o n i n  � � � � f e m a l e s 
was t e s t e d . 
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E x p e r i m e n t  Two i n c l u d e d  two s e p a r a t e  t r i a l s  w i t h  
s i x  r ep l i c a t i o n s  i n  t h e  f i r s t  t r i a l a n d  e i gh t r e p l i c a t i o n s  
i n  t h e s e c o n d . E ac h  r e p l i c a t i o n c o n s i s t e d o f  e i gh t m i c e  ( 4  
���� a n d  4 �/ �) f o r  a t o t a l  o f  4 8  m i c e i n  t he f i r s t  t r i a l 
an d 6 4  m i c e i n  t h e  s e c o n d . R e p r o d u c t i v e  p e r fo rm a n c e  d a t a 
o f  t r i a l s  o n e  an d t w o  a r e  p r e s e n t e d i n  A p p e n d i x  V .  
T h e  p o � l e d da t a  f r om b o t h  t r i a l s  o f  E x p e r i m e n t T w o  
a r e  p r e s e n t e d i n  T ab l e  5 .  ���� a n d  age -ma t c h e d  ��� fem a l e s 
we r e  i n j e c t e d w i t h  5 . 0  I U  PM S fo l l ow e d  4 8  h l a t e r  b y  a 
s i ngl e i n j e c t i o n o f  5 . 0  I U  HCG. F o l l ow i ng HCG, fem a l e s  
we r e  p l a c e d  i n  c age s c o n t a i n i ng a s i ngl e p r o v e n ��� m a l e ,  
chec k e d  fo r c o p u l a t o r y  p l ugs t h e  n e x t  m o r n i ng ,  a n d  s c o r e d  
f o r  r e p r o du c t i v e  p e r fo rman c e  ( T ab l e  5 )  a t  3 8  h fo l l ow i ng 
HCG. A t  3 8  h p o s t HCG, 2 - a n d  p o s s i b l y  4 - c e l l  emb r y o s  
s h o u l d  b e  p r e s e n t , i f  c o p u l a t i o n h a d  o c c u r r e d . 
T h e  r e s u l t s  o f  t h i s  s t u dy a r e  d i s p l a y e d  i n  T ab l e  5 .  
The c o p u l a t o r y  s u c c e s s  o f  ���� fema l e s  ( 2 3 . 2 % )  w a s  l ow e r  
( P<0 . 0 5 )  t h an t h a t  o f �� � c o n t r o l s  ( 4 4 . 6% ) . ���� f e m a l e s 
( 3 5 . 0 ± 1 . 0  g )  w e r e  h e av i e r  ( P<O . O l )  t ha n  age-ma t c h e � ��� 
fem a l e s  ( 2 3 . 7 ± 0 . 2 g ) . 
A s  i n  un t r e a t e d m i c e , m e an o v a r i an w e i gh t s  w e r e  
gr e a t e r  ( P<O . O l )  i n  AY / �  a s  c omp a r e d  t o � � �  fema l e s . . 
o v a r i e s  w e i gh e d  7 . 6± 0 . 5 mg , an i n c r e as e i n  w e igh t  o f  4 0 . 7 %  
ov e r  t h a t  o f ��� o v a r i e s ( 5 . 4 ± 0 � 5  mg ) . U t e r i n e  w e i gh t s  o f  
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T A B L E  5 .  REPRO D UC T I V E PE R FO RMANC E O F  G O N A D O T R OP I N - T R E A T E D
1 
��� � and � � �  M I C E  G R E A T E R  T HA N  1 2 0  D A Y S  O F  A G E  
P a r am e t e r  m e a s u r ed 
N o . o f  fema l e s 
C op u l a t o r y  s u c c e s s  ( % )  
M e an b ody w e i gh t  ( g ) 
Me an o v a r i a n we i g h t  
( mg )  
M e a n  u t e r i n e we i gh t  
5 6  
2 3 . 2  ( 1 3 � 5 6 )  
3 5 . 0 ± 1 . 0  
7 . 6± 0 . 5  
( m g )  5 6 . 1 ± 2 . 4  
Me an o o c y t e s  m e c h a n i c a l l y  
l i b e r a t e d  pe r o v a r y  1 5 . 8± 1 . 0  
Qy � �!! .Q  �mQ !:� .Q� 3 
M e a n  n o rma l o v a /  
M e a n  ab n o rm a l  o v a /  
M e an emb r yo s /  
To t a l  o v a  and emb r �o s /  
F e r t i l i z a t i o n r a t e  ( % )  
1 3 . 4 ± 1 . 1 
2 . 7 ± 0 . 3  
1 . 7 ± 0 . 7  
1 7 . 9± 1 . 2  
9 . 5  
S t a t i s t i c a l  
p r o b ab i l i t y 
5 6  
4 4 . 6  ( 2 5 / 5 6 ) 
2 3 . 7 ± 0 . 2  
5 . 4 ± 0 . 5  
6 7 . 6 ± 3 . 0  
1 5 . 8+ 1 . 0  
1 1 . 1 ± 0 . 9  
3 . 2 ± 0 . 8  
3 . 6 ± 0 . 8  
1 8 . 0 ± 1 . 2  
2 0 . 0  
P < 0 . 0 5 
P < O . O l 
P < O . O l 






N S  
N S  
� 5 . 0  I U  PM S fo l l ow e d  4 8  h o u r s  l a t e r b y  5 . 0 I U  HC G . 
3 M e a n  .± s .  e .  
2 - and 4 - c e l l s t a g e  emb r y o s  w e r e  p r e s e n t  a t  3 8  h 
fo l �ow i ng HC G i n j e c t i o n .  
O v a  w e r e  s c o r e d a s  ab n o rm a l  i f  t he y  w e r e  v e s i c u l a t e  
and�o r  gr a n u l a r  i n  a p p e a r a n c e . · 
6 S t a t i s t i c a l l y  t e s t ed b u t n o t  s i gn i f i c an t a t  P < 0 . 0 5 . 
R a t i o  o f  emb r y o s  t o  t o t a l  o v a  a n d  emb r y o s . 
�� � fema l e s ( 6 7 . 6 ± 3 . 0  m g ) w e i gh e d  m o r e  ( P < O . O l )  t h a n  t h o s e 
o f ��� � fema l e s ( 5 6 . 1 ± 2 . 4  mg ) . 
T r e a t e d ( � �/ � )  o v a r i e s w e r e  ab l e  t o  m a t u r e  a n d  
r e l e as e ab o u t  a s  m a n y  o v a  a s  g o n a d o t r op i n - t r e a t e d  � � �
· 
c o n -
t r o i s .  I n  f a c t , t h e r e  w e r e  n o  d i f f e r e n c e s  b e t w e e n  g e n o -
t yp es w i t h  r e s p e c t  t o  m e ch an i c a l l y l i b e r a t e d  o o c y t e s i� 
.Y!!.r2 · p e r  o v a r y ; e a c h g e n o t y p e  l i b e r a t ed 1 5 � 8± 1 . 0  o o c y t e s  
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( T ab l e  5 ) . I n  a d d i t i o n , g o n a d o t r o p i n - t r e a t e d  �� � �  f e m a l e s  
w e r e  j us t  a s  c ap ab l e  a s  t r e a t e d  � � �  fema l e s  i n  p r o d u c i n g  
T h e r e  w e r e  n o  s i gn i f i c an t d i f f e r e n c e s  i n  ' m e a n  
n umb e r  o f  n o rma l o v a , ab n o rm a l o v a , emb r y o s , an d t o t a l  o v a  
p l u s  emb r y o s  ( t o t a l  o v a r i an o u t p u t ) b e t w e e n  g e n o t y p e s  
( T ab l e  5 ) . 
F e r t i l i z a t i o n r a t e  w a s  d e f i n e d  as t h e r a t i o  o f  
emb r y o s  t o  t ot a l  o v a  p l u s emb r y o s  ( t o t a l  ov a r i a n o u t p u t ) .  
F e r t i l i z a t i o n r a t e s o f  ��� � a n d  �� � fema l e s w e r e  9 . 5 % 
( 1 . 7 / 1 7 . 9 ) a n d  2 0 . 0 %  ( 3 . 6 / 1 8 . 0 )  r e s p e c t i v e l y , P > 0 . 0 5 .  
O f  t h e 1 1 2 fema l e s ob s e r v e d  an d t e s t e d  i n  E x p e r i ­
m e n t Two ( T ab l e  5 ) , 4 0  f em a l e s b e c am e  p r e gn an t . S p e c i f i c  
r e p r o d uc t i ve p a r am e t e r s  o f  t h o s e p r e g n a n t m i c e a r e  p r e ­
s e n t e d i n  T ab l e  6 .  W i t h i n  t he c o n t r o l  m i c e ( � / � ) , 2 7  o f  5 6  
o r  4 8 . 2 %  w e r e  p r e g n a n t wh i l e  on l y  2 3 . 2 % ( 1 3 / 5 6 )  o f  t h e �� � �  
fema l e s b e c am e  p r e g n a n t , a d i f f e r e n c e  ( P < O . O l ) . A l t h o u g h  
t h e n umb e r  o f  emb r y o s  p e r  p r e gn a n t fem a l e  was n o t  s t a t i s ­
t i c a l l y  d i f f e r e n t  b e t we e n  g e n o t yp e s  ( 7 . 3  emb r y o s  f o r �� � �  
v e r s us 8 . 6 emb r y o s  fo r � � �  fema l e s ) ,  t h e d i s t r i b u t i o n o f 
emb ryo n umb e r  p e r  fem a l e  w a s  s t r i k i n g l y  d i f f e r � n t  ( P < O . O l ) . 
W i t h i n  t h e  c a t e g o r y o f . f ema l e s h a v i n g  o n l y  o n e  
emb r yo pe r t r ac t , 6 1 . 5 % ( 8 / 1 3 )  o f  t h e ��� � fema l e s v e r s u s 
1 1 . 1 %  ( 3 / 2 7 ) � � �  fem a l e s fe l l  i n t o  t h at c a t e g o r y . 
M o r e o v e r , n o n e  o f  t h e  ��� � fem a l e s  p r o d u c e d  a c l u t c h o f  
emb r y o s  w i t h i n  t h e  2 - 1 0  emb r y o  c a t e � o r y , w h i l e  . 5 9 . 3 %  
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T ab l e  6 .  R EPR O D UC T I V E PE , F O RMANC E O F  G O N A D O T ROP I N-
. T R E A T E D PRE G N A N T  �� � �  a n d  � � �  M I C E  
G R E A T E R  T H A N  1 2 0  D AY S  O F  AG E 
g�!H� f�E�� 
P a r am e t e r  m e a s u r e d �� � �  � � � 
N o . o f  fema l e s 5 6  5 6  
M e a n emb r y o s / $>  1 . 7  3 . 6  
N umb e r  o f  p r e g n an t 9 1 3  2 7  
P e r c e n t  p r e gn an t � 2 3 . 2  4 8 . 2 3 
T o t a l  emb r y o s  9 5  2 3 2  
Emb r y o s / p r e gn an t � 7 . 3  8 . 6 
D i s t r i b u t i o n  o f  emb r y o s /9 
Fema l e s w i t h  o n e  
emb r y o  ( % )  6 1 . 5  ( 8 / 1 3 )  1 1 . 1 ( 
F ema l e s  w i t h  2 - 1 0  
S t a t i s t i c a l  
p r ob ab i l i t y  
N S 2 
P < O . O l 
N S 
3 / 2 7 ) P < O . O l 
emb r y o s  ( % )  0 . 0  ( 0 / 1 3 ) 5 9 . 3 ( 1 6 / 2 7 ) P < O . O l 
F e ma l e s  w i t h > 1 0 
emb r y o s  ( % )  3 8 . 5  ( 5 / 1 3 ) 2 9 . 6 ( 8 / 2 7 ) P < O . O l 
1 O f  t h e  1 1 2  f e ma l e s ( 5 6 o f  e a c h  g en o t yp e )  o f  T ab l e 6 ,  
4 0  �ema l e s  b e c ame p r e g n an t . 
3 S t a t i s t i c a l l y  n o n s i gn i f i c an t  a t  P < 0 . 0 5 .  4 8 . 2 % ( 2 7 / 5 6 )  o f  t he �L� m i c e w e r e  p r e gn a n t  a s  j u d g e d  
b y  p r e s e n c e  o f  2 - c e l l  emb r y o s  w i t h i n t h e i r  r ep r o du c t i v e  
t r ac t s . T h e  c o pu l a t o r y  s u c c e s s o f  � L �  fema l e s w a s  4 4 . 6 %  
( 2 5 / 5 6 )  a s  r e c o r d e d  i n  T ab l e 5 .  T h u s , 2 �L � fema l e s w e r e  
p r e g n an t  b u t  d i d  n o t  p o s s e s s  d e t e c t ab l e c o p u l a t o r y  p l u g s . 
( 1 6 / 2 7 ) o f  t h e  �� � f em a l e s  d i d . O f  t h e f i v e  � I / �  f e m a l e s 
p o s s e s s i n g  g r e a t e r  t han 1 0  emb r y o s , t h e  emb r y o  me a n  w a s  
1 7 . 4 ± 5 . 9  emb r y o s . T h i s  c omp a r e d  n o n s i gn i f i c an t l y  t o  a n  
emb r y o m e an o f  1 8 . 6± 4 . 9  emb r y o s  w i t h i n  t h e 8 � � � f e m a l e s 
hav i n g g r e a t e r  t ha n  1 0  emb r y o s  p e r  p r e gn an t  fem a l e .  
D a t a  d e a l i n g w i t h d i s t r i b u t i o n o f  emb r y o  n umb e r  p e r  
fema l e  s u gge s t  t h a t  �� � �  fema l e s r e s p o n d  t o  ex o g en o u s  g o n -
ad o t r o p i n s  i n  an a l i - o r - n o n e  o r  t h r e s h o l d- l i k e  f a s h i o n . 
A�/ �  fema l e s  e i t h e r  p r o d u c e  n o ri e  o r  o n e  emb r y o  p e r  f e m a l e  
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o r  t h e y  p r o d u c e  an a v e r a g e  o f  1 7 . 4± 5 . 9  emb r y o s . As i n d i ­
c a t e d  i n  T ab l e 6 , t h e r e  w e r e  n o  fema l e s p o s s e s s i n g  a n  
i n t e rm e d i a t e  n umb e r  o f  emb r y o s � i . e . t h e  2 - 1 0  emb r y o  c a t e -
g o r y . T h e r e fo r e , t h e r e  s e em e d  t o  b e  t w o  c l a s s e s o f  � � � �  
fem a l e s , i . e . t h o s e t ha t  p r o du c e d  o n l y  o n e  emb r y o  ( 6 1 . 5 % o f  
t h e p op u l a t i o n )  an d t h o s e t h a t  p r o d u c e d  g r e a t e r  t h a n  1 0  
emb r y o s  ( 3 8 . 5 % o f  t h e �y / �  fema l e s ) .  Th i s  " t h r e s h o l d " o r  
b i m o d a l  d i s t r i b u t i o n o f  �y/ � fema l e s d i d  n o t  o c c u r  i n  � � �  
m i c e  i n  wh i c h a g r a d e d  r e s p o n s e  o f  emb r y o  n umb e r  ( T ab l e  6 )  
was ob s e r v e d . 
T h e  m e an b o dy w e i gh t  o f  t h o s e  f i v e  � � � � f em a l e s  
wh i c h  p o s s e s s e d g r e a t e r  t ha n  1 0  emb r y o s  w a s  2 8 . 4 ± 5 . 2  g ,  
w e l l  b e l ow t h e 3 5 . 0 ± 1 . 0  g m e an fo r t h e t o t a l  �y / �  g r o up 
( n = 5 6 ) . I n  c o n t r a s t , t h e m e a n  b o d y  we i gh t  o f  t h o s e  e i g h t  
fema l e s wh i �h c o n t a i n e d  o n l y  o n e  emb r y o  w a s  3 7 . 7 ± 5 . 4  
The s e  d a t a s u gg e s t t h a t  t h e emb r y o  t h r e s h o l d  p h e n o m e n o n  
o f  �y /� m i c e i s  r e l a t e d  t o  d e g r e e  o f  ob e s i t y .  F a t t e r  m i c e 
p r o d u c e  few e r  emb r y o s  t h an t h o s e  o f  l i gh t e r  b o d y  we i gh t s , 
i . e . l e s s  f a t  c o n t e n t . 
R e l a t i o n s h i p s  b e t w e e n  d e g r e e  o f  ob e s i t y an d 
fe r t i l i t y  a r e  d i s p l ay e d  i n  T ab l e  7 .  As i n  E x p e r i m e n t O n e , 
t he p op u l a t i o n o f  e a c h  g en o t yp e  w a s  d i v i d e d  i n t o  t hr e e  
s ub p o p u l a t i o n s  b a s e d  o n  w e i gh t . R ep r o duc t i v e  p a r am e t e r s  
we r e  t he n  r e c o r d e d  ' i ri e a c h  o f  t he w e i gh t  s ub p op u l a t i o n s . 
Me an o v a r i an we i gh t s  i n  �y / �  fema l e s  d e c l i n e d  o v e r  
t he t h r e e  w e i gh t  � ub p op u l a t i on s  ( i . e . 1 1 . 5 ± 1 . 3 , 6 . 9 ± 0 . 5 ,  
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a n d  6 . 2 ± 0 . 5  m g  f o r h e av i e s t , i n t e rm e d i a t e , a n d  l i gh t e s t 
g r o up s  r e s p e c t i v e l y ) . A t  l e a s t on e c o m p o n e n t o f  g r o s s 
o v a r i an we i g h t  a p p e a r s  t o  b e  d u e  t o  o v e r a l l a d i p o s i t y . 
M e an u t e r i n e  w e i gh t s , a l t h o u gh l ow e r  i n  ��� � m i c e , w e r e  
g e n e r a l l y c o n s i s t e n t  w i t h i n  ge n o t yp e s . 
W i t h  r e s p e c t  t o  m a t i n g  s u c c e s s  ( T ab l e  7 )  t h e r e  w e r e  
n o  s t r i k i n g  d i f f e r e n c e s  e i t h e r  w i t h i n  o r  b e t w e e n  g e n o t y p e s . 
T h e  l i gh t e s t g r o u p  o f  ��� � f em a l e s  h a d  a v a l ue o f  2 0 . 0 % i n  
t h a t  c a t e g o r y  i n  wh i c h b o t h c o pu l a t o r y  p l ugs a n d  emb r y o s  
we r e  p r e s e n t . I n t e r e s t i n g l y ,  c o p u l a t o r y  p l u gs an d ab s e n c e  
o f  emb r y o s  w e r e  ob s e r v e d  i n  2 7 . 3 % o f  t he h e av i e s t  g r o up o f  
!� / �  fem a l e s t e s t e d . P e r h a p s  n o rma l c op u l a t i o n p r o c e e d s  
b u t  o v a  a r e  n o t  p r e s en t  ( i . e . o v u l a t e d )  t o  b e  f e r t i l i z e d . 
An  e n d o c r i n e  as y n c h r o n y  b e t w e e n  o v a r i an an d v a g i n a l  c y c l e s 
i n  wh i c h ov u l a t i o n i s  r e t a r d e d  c o u l d  r e s u l t  i n  s u c c e s s fu l  
c o p u l a t i o n  b u t ab s e n c e  o f  fe r t i l i z a t i on . 
O o c y t e  s c o r e s  ( T ab l e  7 )  d e f i n i t e l y  r e f l e c t  t h e 
a d v e r s e  e f f e c t s  o f  a d i p o s i t y on m e c han i c a l  l i b e r a t i o n o f  
o o c y t e s .  The r em a i n i n g  p a r am e t e r s  o f  T ab l e 7 ( m e an n o r�a l  
o v a , m e a n  ab n o rm a l  o v a , m e an emb r y o s , a n d  m e an t o t a l  o v a  
an d emb r y o s ) a l s o  r e f l e c t  t h e  hypo t he s i s  t h a t  f e r t i l i t y  i n  
!� / �  fem a l e s  i s  n e g a t i v e l y c o r r e l a t e d  w i t h  d e g r e e  o f 
ob e s i t y .  
T AGLE 7 .  REPRODUC T I V E  PERFOR MANCE O F  GONA D OTROP I N- TREATED Btl �  a n d  a / a  
M I CE GREATER THAN i 20 DAYS  O F  AGE CORRELATED W I TH FE�ALE BODY WE I CH T  
R2pr iJd uc t i v2 
P a r a ie t er s 
5 2 . 2 -
Bt l �  
4 i .  1 - 30. 7 -
20 . 2  g 
24 . 5 -
22 . 6  g 
Z::r: � --
Numb er o {  f em a l e s  
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�-te i q h t  : g >  
ha t i n g S:J cc e :; s  - ,� 
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' !  l i  
M e an n or m a l  J v a  1 2 . 2±2 . 3  
;.., - �  , 1 7 .. . -. 'i 1 ' l"J L Mean a u n u .  m � �  D · o L o  ! - · U  
1 3 . � � 1  q . q  i � L . j  1 1  9 � 1  1 1 0  6 + 1 . 1  7 !2 • L 
L . 7 +0 . 5 3 . 0 �0 . 7 � - 3±0 . ' 2 8 �0 . 6 4 . 2±0 . 8 
M e an emb r y o s  1 1 + 0 . 7 ) , 3 + 1  8 ) . 7 � 1  9 1 . 8 + 1 ·' 
:1e an t ct .� l JV ii 
a n d  emb r yo s  1 4 . 5! 2 . 4 1 7 . 1 � 1 . 6  20 . 5 ±2 . 2  1 8 . 9�2 . 8  1 8 . 9 + 1 . 7 1 7 . 6�2 . 2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 We i g h t  ii i  5 t r i b u t i a n s  G f  eac h . g e n o t y p e  i�H ·? d i v i c ed i nt o thr e e  2qu a l  
we i �h� r :�:�::u �;t � :�: i atory p l ug a n d  e mb r vos w i t h i n r e p r o 6 u: t i ve 3 C op w i a t o r y  p t ug b u t  a b s e n c 2  of embr y o s .  
4 Ab sen c 2  of  : G pu l ; t o r y  p l u g b u t  p r 2s 2 r c e  o f  embr yos . 5 
Ab � en : e  o f  b o th c op u l a t or 1  p i ug and  20b r y os . 
-4- ,.. -. r +  ·- : 0 1.. '· . 
6 t: a � c- r� D i!  :7J2 C h rtn i c a l  t �- e a.t m e n t  o -:� e:v a t i e :. � !! P·L n c h i n g =: ;  -��  · · i t r o ;o  
7 J ; a wer � s c or ed � s  a b n o r � � :  i f  t h ey w e r e v l s 1 : u 1 a t e  and !ar  g r an u i �r 1 r  
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D I S C U S S I ON 
R�2r2�Y£!!Y� f�£f2£���£� 2f Y�! r ��!�� ��L � �n �  �L� Mi £� 
gr��!�r 1h�� !�� � � Y� 2f �g� 
The an a l ys i s  o f  n on t r e a t e d  o l d  �� � �  m i c e r e v e a l e d 
t h a t  �� � �  fema l e s g r e a t e r  t h an 1 2 0  days o f  a g e  w e r e  r e p r o ­
du c t i v e l y  s en e s c en t w h e n  c omp a r e d  t o  a g e -m a t c h e d  � � � 
l i t t e rma t e s . �y / �  fema l e s we i gh e d  2 0 . 3  g m o r e  a n d  w e r e  
7 8 . 7 %  h e av i e r t h a n  �� � c o n t r o l s .  A l t h o u gh ��� � f e m a l e s d i d  
u n d e r g o  e s t r o u s  c y c l i n g , t h e y  d i d s 6  a t  a m u c h  r e d u c e d  r a t e  
w h e n  c omp a r e d  t o  � / � ' s .  F o r  e x amp l e , o n l y  3 0 . 0 % o f  � � � �  
fema l e s w h i l e  o v e r  t w i c e  a s  m a n y  ( 6 2 . 9% )  � � � fema l e s w e r e  
s c o r e d i n  p r o e s t r us an d e s t r us . T h e s e  d a t a  d e m o n s t r a t e  
e s t r ou s  c y c l e  ab e r r a t i o n s  i n  ob e s e  �� � �  f em a l e s . C y c l e s 
may b e  e x t e n d e d , o r  t h ey m a y  u n d e r go a r r e s t ( a n e s t r u s ) . 
T h e  f ac t  t h a t  3 0 . 0 % o f  t h e ��� � fema l e  p o pu l a t i o n ( 1 1 . 4 % 
p r o e s t r u s  an d 1 8 . 6 % e s t r u s , T ab l e  2 )  d i s p l a y e d  p r o e s t r o u s  
an d e s t r o u s  s m e a r s  un d e r s c o r e s  t h e  s ub t l e a n d  p r o g r e s s i v e  
c h a r a c t e r  o f  � �  i n f e r t i l i t y ;  i n f e r t i l i t y i n  �� � �  f e m a l e s  i s  
n o t  a n  a l l - o r - n o n e  b u t  r a t h e r  a g r a d e d  p h e n om e n o n . 
�y/ �  o v a r i e s we i gh e d  s i g n i f i c a n t l y  m o r e  ( P < O . O l )  
t h an t ho s e  o f  � � �  c o n t r o l s . How e v e r , w h e n  o v a r i an w e i gh t s  
w e r e  c omp a r e d  o n  t h e  b a s i s  o f  b o dy we i gh t , ye l l ow o v a r i e s 
( p e r  g b o dy we i gh t ) w e i g h e d  n ume r i c a l l y  l e s s  t h a n  c � n t r o l s 
( e . g .  0 . 1 7 mgj g i n  �� � �  v e r s u s  0 . 2 2 mgj g i n  �� � i n  
un t r ea t e d  m i c e an d 0 . 2 2 m g / g i n  �� � �  v e r s u s  0 . 2 3 m g j g i n  
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�� � i n  g o n a d o t r op i n  t r e a t e d  fema l e s ) .  Thus t h e ap p a r e n t l y  
h e a v i e r o v a r i e s i n  !� / �  fema l e s  may s i mp l y  h a v e b e e n  a n  
exp r e s s i o n o f  i n c r e as e d  an d u n i f o rm a d i p o s i t y i n  o r gan s o f  
!�/ � m i c e . H ow e v e r , i t  
s t e r o i ds m a y  b e  i nv o l v e d . 
i s  a l s o  p o s s i b l e  t h a t  o v a r i a n 
B e ame r , W i l s on a n d  L e i t e r ( 1 9 8 3 ) 
d i s c us s e d t h e d i r e c t a c t i o n o f  e s t r o gen , i n  t h e ab s e n c e  o f  
gon a d o t r o p i n s , up o n  t h e  o v a ry t o  p r om o t e  i n c r e a s e s  i n  o v a r ­
i an we i gh t . T h e  p o s s i b i l i t y  o f  ab e r r a n t p r o ge s t e r o n e  a n d 
e s t r o gen ac t i v i t y  i n  ��� � fema l e s _ ga i n s  . f u r t h e r  s upp o r t  
u p o n  an a l y s i s  o f  u t e r i n e w e i g h t s . 
U t e r i  o f  n o n t r e a t e d  !�/ �  f em a l e s we i gh e d  s i gn i f i ­
c an t l y l e s s  t ha n  � � � u t e r i . S i n c e  t h e p r e p a r a t i o n a n d 
ma i n t en an � e  o f  a r e c ep t i v e  u t � ru s  an d h e a l t hy . u t e r i n e  
e n v i r on m e n t p r i o r  t o  a n d  a t  i mp l an t a t i o n d e p e n d  u p o n  p r o ­
g e s t e r o n e  a n d  e s t r o g e n  i n  p r e c i s e  am o un t s  a t  p r e c i s e  t i m e s  
( B e am e r  e t  a l . ,  1 9 8 3 ; Wh i t t i n gh am a n d  W o o d , 1 9 8 3 ) , 
de c r e a s e d  u t e r i n e  w e i gh t s  i� �� � �  f em a l e s  s t r o n g l y  s u g g e s t 
an ��- i n du c e d  o v a r i an s t e r o i d  i mb a l an c e . A g a i n , on e 
ob s e rv e s  t h e  s ub t l e  g r a d e d  n a t u r e  o f  t h e  !� d e f e c t  wh e n  
c o mp a r i n g  u t e r i n e  w e i gh t s  v e r s us s t a g e  o f  e s t r us ( T ab l e  3 ) ; 
a l t h o ugh ��� � u t e r i  w e i gh l e s s  ( P<0. 0 5 ) t h an �� � · C o n t r o l s , 
t h e y  un d e r g o n e a r l y  i d e n t i c a l  p a t t e r n s  o f  w e i gh t  g a i n  a n d 
l o s s  du r i n g  t h e e s t r o u s  c y c l e . 
T h e  n umb e r  o f  o o c y t e s  m e c h an i � a � l y  l i b e r a t e d  f r o m  
o v a r i e s o f  �� � �  an d �� � m i c e  a l s o  s up p o r t e d t he h yp o t h e s i s  
o f  ��- i n du c e d  r e p r o duc t i v e  s en e s c e n c e . O n l y  7 . 6% o f t h e 
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��� � v e r s u s 2 5 . 2 %  o f  t h e  � � �  o v a r i e s  t e s t e d l i b e r a t e d  
g r e a t e r  t h an 1 2  o c o yt e s , a ( P < O . O l )  d i f f e r e n c e . W h e n  
m e c han i c a l l y  l i b e r a t e d  o o c y t e s  w e r e  c o un t e d , t h e y  c o u l d  
hav e b ee n  s c o r e d  f o r  s t a ge o f  o o c y t e m a t u r a t i o n . D a t a  
c omp a r i n g s t a g e s  o f  o o c y t e m a t u r a t i on b e t w e e n g e n o t yp e s  m a y  
r ev e a l  i mpo r t a n t  c l u e s  r e g a r d i n g  b a s a l  l e v e l s  o f  F S H  a n d / o r  
o v a r i an s e n s i t i v i t y  t o  F S H . H i s t o l o g i c a l  e x am i n a t i o n s  o f  
who l e  o v a r i e s c o u l d  a l s o  b e  qu i t e  i n form a t i v e  w i t h  r e g a r d  
t o  t o t a l  o v a  a n d  d i f f e r e n t i a l  s t a g e s  o f  o o c y t e m a t u r a t i o n 
b e t w e en g e n o t yp e s . 
U p o n  c omp a r i n g  g e n o t yp e s  w i t h  r e g a r d  t o  o v u l a t i o n 
r a t e , n o  s t a t i s t i c a l  d i f f e r e n c e s  o c c u r r e d  b e t w e e n  �� � �  
( 4 . 3 ± 3 . 3  o v a )  a n d  � � �  ( 7  . . 0 ± 2 . 8  6 v a ) g e n o t yp e s . H o w e v e r ,  
t he s am p 1 e s i z e  w a s  s ma 1 1  ( n = 1 5  �� L � � a n d  n = 3 5 � I �  � ) . 
O n  a p e r c en t a g e  b a s i s ,  � � �  fem a l e s p o s s e s s e d 6 2 . 8 %  
( 7 . 0 / 4 . 3 ) m o r e  o v a  t ha n  �� � � m i c e . A l s o , t he d i s t r i b u t i o n 
o f  o v a  numb e r  p e r  fema l e ,  d i f f e r e n t  b e t w e e n  g e n o t yp e s  
( P < 0 . 0 5 ) , c l e a r l y  s h o w e d  t h a t �� � �  fema l e s h a d  a l ow e r  
o v u l a t o ry a c t i v i t y t h an �� � l i t t e rm a t e s .  O f  t h e  � � � �  
f em a l e s  c o n t a i n i n g o v a  i n  t h e i r  r ep r o du c t i v e  t r a c t s , on l y  
4 0 �  h a d  m o r e  t h an o n e o v um a s  c om p a r e d  t o  7 4 . 3 %  o f  t h e � � �  
fema l e s . I n  b o t h  g e n o t yp e s , t h e d i s t r i b u t i o n o f  o v a  p e r  
r e p r o du c t i v e  t r a c t o c c u r r e d  i n  a g r a d e d  r a t h e r  t h a n  a l l - o r ­
n o n e  fa s h i o n . I n  ��� �  fem a l e s , t he n umb e r  o f  o v a  p e r  
f e m a l e  d e c r e a s e d  un i f o rm l y  o v e r  t h e t hr e e _ s c o r i n g  c a t e g o ­
r i e s ( 6 0 . 0 , 2 6 . 7  and 1 3 . 3 % ) , wh i l e  i n � � �  fem a l e s  t h e 
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p e r c e n t a g e s  i n c r e a s e d  u n i f o rm l y  ( 2 5 . 7 , 3 4 . 3 , an d 4 0 . 0 % ) . 
Th i s  u n i f o rm o r  g r a d e d  o v u l a t o r y  r a t e o f  un t r e a t e d  m i c e 
d i f f e r e d  w i t h  r e s p e c t  t o  g o n a d o t r o p i n - i n du c e d  o v u l a t o r y 
r a t e s  w h i c h  s e e m e d  t o  r e f l e c t  s om e  k i n d  o f  t h r e s h o l d  o r  
a l l - o r - n o n e  p h e n om e n o n . 
T h e  p r e s e n c e  o f  a c l u t c h o f  o v a  i n  t h e amp u l l a r y  
r e g i o n o f  t he o v i du c t i n d i c a t e s  t h a t  e s t r u s  h a s  r e c e n t l y  
o c c u r r e d . O f  t he 7 0  ��� � f�ma l e s o n l y  f o u r  o r  5 . 7 % o f  t h e 
p o p u l a t i o n h a d  amp u l l a r y  o v a ; 
2 4 . 3 %  w e r e  i n  e s t r u s  ( P < O . O l ) . 
o f  t h e  7 0  � � �  fem a l e s , 1 7  o r  
O n e  c an emp l o y t h e s e am p u l -
l a r y  o v a  d a t a o n  t h e n umb e r  o f  m i c e i n  e s t r u s  t o  t h e v a g ­
i n a l  s m e a r  d a t a , a n o t h e r  i n d ep e n de n t  d a t a s e t  o n  e s t r u s , t o  
m a k e  c om p a r i s o n s . Up o n  c om p a r i s o n , 5 4 . 8% ( 1 7 / 3 1 )  o f  t h e 
� � �  fema l e s s c o r e d  i n  e s t ru s  v i a  v a g i n a l  s m e a r  ( T ab l e  2 ,  
r o w  2 )  c on t a i n e d  amp u l l a r y  o v a . I n  c o n t r as t , o n l y  3 0 . 8 % 
( 4 / 1 3 )  � � � �  fema l e s s c o r e d i n  e s t r u s  p o s s e s s e d amp u l l a r y  
o v a . T h e  v a g i n a l  c y c l e  m a y  b e  o u t  o f  s yn c h r o n y  w i t h  t h e 
o v a r i a n c y c l e  i n  �� � �  m i c e . P e r h a p s  t h e r e  i s  an � � - i n d u c e d  
e n d o c r i n e  d i s s o c i a t i o n b e t we e n  t h e ac t i o n  o f  h o rm o n e s  o n  
t h e o v a r y  an d v a g i n a  r e s u l t i n g  i n  a n  as y n c h r o n y  b e t w e e n  
v a g i n a l  a n d  o v a r i an e s t r u s . P o t e n t i a l  c a u s e s  o f  t h i s  a s y n ­
c h r o n y  c o u l d  b e  d e f e c t s  i n  t h e o � u l a t o r y  s u r g e o f  l u t � i n i z ­
i n g  ho rm o n e  ( L H )  o r  o v a r i an s e n s i t i v i t y t o  L H . T h e  g r e a t e r  
w e i gh t  o f  � � � � o v a r i e s a t  m e t e s t r u s  ( T ab l e  3 )  c o u l d  r e f l e c t  
t h e i n ab i l i t y o f  �� � �  o v a r i e s t o  l i b e r a t e  m a t u r e  o v a . 
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T h e  r e l a t i o n s h i p  o f  ob e s i t y  t o  f e r t i l i t y  i s  d i f f i ­
c u l t  t o  d e f i n e  i n  s p e c i f i c  c e l l u l a r a n d  m o l e c u l a r e x p l a n a­
t i on s . Q u a l i t a t i v e  ob s e r v a t i o n s  i n  t he !�/ � m o u s e c o l o n y  
s ug g e s t t h a t  t h e f a t t e r  t h e m i c e , t h e p o o r e r  t h e f e r t i l i t y . 
G r an h o l m  an d B r o c k  ( 1 9 8 1 ) f o u n d  t h a t  ob e s e  ��� � f e m a l e s 
g r e a t e r  t h an 1 2  w e e k s  o f  a g e  s i mp l y  d i d  n o t  b r e e d  w e l l .  N o  
f o u r t h  l i t t e r s  w e r e  p r o du c e d  b y  ob e s e ��� � fema l e s , wh i l e  
a g e -m a t c h e d  �� � m i c e p r o d u c e d  f o u r t h  and f i f t h  l i t t e r s  i f  
k e p t  i n  p r o du c t i o n ( G r an h o l m  a n d  B r ? c k , 1 9 8 1 ) . 
I n  t he p r e s e n t  s t u d y  t h e e f f e c t  o f  ob e s i t y o n  
c e r t a i n  r e p r o du c t i v e  p a r am e t e r s  ( s e e  T ab l e 4 )  w a s  e v a l -
u a t e d . B y  d i v i d i n g  t h e  !� / � m i c e i n t o  t h r e e  s ub p o p u l a t i o n s  
b a s e d o n  w e i gh t , o n e  c a n  c omp a r e  r ep r o d u c t i v e· p e r f o rm a n c e  
i n  m i l d l y , m o de r a t e l y ,  a n d  h i gh l y  o b e s e  !�/ � fem a l e s . D i f­
fe r e n c e s  b e t w e e n  t h e  s u b p o p u l a t i o n s  w e r e  d u e  t o  t h e d e g r e e  
o f  a d i p o s i t y o r  f a t . M a j o r  d i f f e r e n c e s  o c c u r r e d  w i t h  r e ­
g a r d  t o  o v a r i an we i gh t s ,  u t e r i n e  we i gh t s , r e p r o d u c t i v e  
t r a c t  s c o r e s , a n d  v a g i n a l  s m e a� s , w h e r e a s  m e chan i c a l  o o c y t e 
s c o r e s  we r e  s om e wh a t  e qu � v o c a l .  B a s i c a l l y ,  fe r t i l i t y  i n  
�� � �  fema l e s i s  i n v e r s e l y  r e l a t e d t o  d e g r e e  o f  ob e s i t y ,  
i . e . , t h e f a t t e r t h e f em a l e , t h e  p o o r e r  t h e fe� t i l i t y .  
R���QQY�! ! Y� ���fQ���n£� 2f g2n�gQ! KQ�!n=%r��!�g �XL � �ng 
�L� M!£� gr��! �r !h�n JgQ � ��! 2f !g� 
F o l l ow i n g  g o n a d o t r op i n  t r e a t m e n t , n o  d i f f e r e n c e s  
we r e foun d w i t h . r e g a r d  t o  m e c h an i c a l l y  l i b e r a t e d  o o c y t e s  
p e r  o v a r y , mean n o rm a l o v a  p e r  fema l e , 
p e r  fem a l e , m e an emb r y o s  p e r  f e ma l e ,  
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m e an ab n o rm a l o v a  
an d t o t a l  o v a r i an 
o u t p u t  p e r  fema l e  ( T ab l e  4 ) . T h u s  e x o ge n o u s  g o n a d o t r o p i n s  
d i d  e n h an c e  t h e  p r ep a r a t i o n a n d r e l e as e o f  o v a . A pp a r en t l y  
o v a r i a n s e n s i t i v i t y  ( c e l l  s u r f a c e  r e c e p t o r s , s i gn a l  i n t e r n ­
a l i z a t i on , b i n d i n g  t o  s p e c i f i c  c y t op l asm i c  p r o t e i n  r e c e p ­
t o r s , i n t e r a c t i o n w i t h  n uc l e a r  D NA ,  an d p r o du c t i o n o f  n o v e l 
m e s s en g e r  RNA ' s )  t o  F S H  a n d L H  i n  o l d  o b e s e � � � � m i c e 
r em a i n s  i n t a c t . A c c o r d i n g l y , l e v e � s  o f  e n d o g e n o u s  g o n a d o ­
t r o p i n s  a n d / o r  t h e  ab i l i t y  o f  s p e c i f i c  ov a r i an t a r ge t  c e l l s  
t o  r e s p o n d  t o  t h e s e  h o rm o n e s  may b e  i mp a i r e d  i n  � �� �  
fem a l e s . 
B a s e d o n  t he ab i l i t y t o  ex o g e n o u s  g o n a d o t r op i n s  t o  
e n han c e  o v u l a t i o n r a t e  i n  ob e s e  r ep r o d u c t i v e l y - s e n e s c e n t  
o l d  ��� � f em a l e s , t h e  f o l l ow i n g  i n t e rp r e t a t i o n s  m a y  b e  
m a d e : 
1 .  �� � �  p i t u i t a r y  g l an d s a r e  p r o d u c i n g  i n s u ff i c i e n t  
q u an t i t i e s o f  g o n a d o t r op i n s  o r  t h e y  a r e  p r o d u c i n g  n o rm a l  
l e v e l s  o f  d e fe c t i v e  ( b i o c h em i c a l l y  a l t e r e d ) g o n a d o t r o p i n s . 
2 .  C o n t r o l  l e v e l s  o f  n o rm a l  gon ad o t r o p i n s  a r e  . b e i n g  
p r o d u c e d  a n d  s e c r e t e d ,  b u t t h e i r  . c o n c e n t r a t i o n a t  t h e  o v a r y  
i s  l ow ,  b e c au s e t he y  a r e  b e i n g  i n c o r p o r a t e d  i n t o e x c e s s  f a t  
t i s s ue .  T h e r e  s i mp l y  i s  n o t  e n o u gh g o n a d o t r op i n  a c t i n g  o n  
f o l i i cu l a r o v a r i an · c e l l s t o  p r om o t e o v a  m a t u r a t i o n an d 
e l i c i t  o v u l a t i o n . A t e s t  o f  t h i s  i n t e rp r e t a t i o n c o � l d  b e  
4 3  
t o  fo o d  r e s t r i c t o l d ,  ob e s e  �y/� fema l e s t o  s e e  i f  t h e y  
c om e  b a c k  i n t o  e s t r u s  fo l l ow i n g w e i gh t  l o s s . 
3 .  C o n t r o l  l e v e l s  o f  n o rm a l  g o n a d o t r op i n  a r e  b e i n g  
p r o d u c e d , s e c r e t e d , a n d  p r e s e n t e d  t o  o v a r i an t a r g e t c e l l s . 
Howe v e r , �� i s  a f f e c t i n g  i n  s om e  w a y  t h e  ab i l i t y  o f  t h e s e  
t a r g e t  c e l l s  t o  r e c e i v e , i n t e r n a l i z e , a n d  r e s p o n d  t o  t he 
n o rm a l  s i g n a l . 
4 .  C omb i n a t i o n o f  a ,  b ,  an d/ o r  c ab o v e . 
T o  m e a s u r e  c o p u l a t o r y  s u c c e s s ,  g o n a d o t r op i n  t r e a t e d  
�� � �  an d � � �  f e m a l e s w e r e  ma t e d t o  p r o v en � � � m a l e s . 
D i f f e r en c e s  ( P < O . O l )  w e r e  ob s e r v e d  b e t w e e n  � � � � ( 2 3 . 2 % )  a n d 
�� � ( 44 . 6 % ) fema l e s ( T ab l e  5 ) . S i n c e  s e x u a l r e c e p t i v i t y 
c o r r e l a t e s h i gh l y  w i t h  p e a k p l a s m a  p r o g es t e r o n e  l e v e l s  
( B e am e r  e t  a l . ,  1 9 8 3 ) , t h e ob s e r v e d  d e c l i n e  i n  s e x u a l  
. r e c e p t i v i t y s u g g e s t s  an ��- c a us e d  p r o g e s t e r o n e  d e f i c i e n c y . 
A l s o , s i n c e  t he r e s t o r at i o n o f  s ex u a l r e c e p t i v i t y i n  
o v a r i e c t om i z e d r a t s  d e p e n d s  up on e s t r o g e n  p r i m i n g fo l l ow e d  
b y  p r o g e s t e r o n e  t r e a t m e n t ( P owe r s , 1 9 7 0 ) , e s t r o g e n  a s  w e l l  
a s  p r o g e s t e r o n e  l e v e l s  m a y  b e  a b e r r a n t i n  �y / �  fema l e s . 
F e r t i l i z a t i o n r a t e ,  d e f i n e d  a s  t h e r a t i o  o f  e mb r y o s  
t o  t o t a l  o v a r i a n o u t p u t  ( un f e r t i l i z e d o v a  p l us emb r y o s ) w a s  
mat hem a t i c a l l y  b u t n o t  s t a t i s t i c a l l y  d i f f e r e n t b e t w e e n  
g e n o t y p e s , i . e . 9 . 5 % fo r �! / �  a n d  2 0 . 0 %  fo r � � � f em a l e s . 
Ab e r r an t  fe r t i l i z a t i o n r a t e s  i n  g o n a d o t r op i n - s t im u l a t e d 
�y / �  m i c e c o u l d  r e f l e c t  o v u l a t i o n o f  i mm a t u r e  o r  g e n e t i c ­
a l l y  d e f e c t i v e  ( � y� b e a r i n g )  o v a  wh i c h fa i l  t o  b e  fe r t i l i z e d  
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a n d / o r  h o s t i l e c o n d i t i o n s  i n  �� � �  r e p r o d uc t i v e  t r a c t s  wh i c h 
p r omo t e  e a r l y  emb r y o  mo r t a l i t i e s . S i n c e  t h e n umb e r  o f  
ab n o rm a l  o v a  i s  n um e r i c a l l y g r e a t e r  i n  � � � v e r s us . �� � �  
f em a l e s ( T ab l e  5 ,  r ow 8 ) , i t  a pp e a r s  t h a t  t h e � � � � u t e r i n e  
e n v i r onm e n t  d o e s  n o t  c o n t r i b u t e t o  t he l o w e r e d  f e r t i l i z a­
t i on r a t � i n  ��� � fem a l e s . 
O f  t h e  1 1 2  m i c e i n  E x p e r i m e n t Two , 1 3  ��� � a n d 2 7  
�� � fema l e s we r e  f e r t i l e u p o n  emb r y o  r e c o v e r y , i . e . t h e y  
p o s s e s s e d  o n e  o r  m o r e  2 - c e l l  s t a g e  emb r y o s . B o t h  g e n o t yp e s  
p o s s e s s e d ab o u t  t h e s am e  m e an n umb e r  o f  emb r y o s  p e r  p r e g­
t h e n an t  fema l e  ( 7 . 3  f o r �� � �  a n d 8 . 6 f o r �/ � ) . H o w e v e r , 
d i s t r i b u t i o n o f  emb r y o  n umb e r  p e r  fem a l e w a s  d r am a t i c a l l y  
d i f f e r e n t b e t we e n g e n o t yp e s  ( T ab l e  
t r e a t e d  ��� � fema l e s o v u l a t e d e i t h e r  
6 ) . 
o n e  o r  
G o n a d o t r o p i n ­
g r e a t e r  t h an 1 0  
o v a ; n o  ��� � f e m a l e  w a s  ob s e r v e d  t o  o v u l a t e  2 - 1 0  o v a . I n  
c o n t r a s t �� � f em a l e s  o v u l a t e d 1 ( 1 1 . 1 % ) , 2 - 1 0  ( 5 9 . 3 % ) , a n d  
g r e a t e r  t h an 1 0  ( 2 9 . 6 % ) . A p p a r e n t l y ��� � fema l e s r e s p o n d  
t o  e x o g e n o u s g o n a d o t r o p i n s  i n  a n  a l l - o r- n o n e  o r  t h r e s h o l d ­
l i k e  man n e r . ��� � f e m a l e s e i t h e r  p r o d u c e  1 emb r y o  p e r  
fema l e  o r  a n  av e r a g e  o f  1 7 . 4 ±5 . 9  emb r y o s  p e r  fema l e .  T h i s  
p a r t i c u l a r ob s e rv a t i o n s u gg e s t s  t h a t  r e p r o d u c t i v e s e n e s ­
c e n c e  i n  ��� � fema l e s m a y  i n v o l v e  m o r e  t h an l o w l e v e l s  o f  
c i r c u l a t o r y e n d o g e n o u s  gon ad o t r op i n s . F o r  e x amp l e , · t h e r e  
may b e  c omp e t i t i o n fo r c e l l  s u r f a c e  h o rm o n e  r e c e p t o r s o n  
o v a r i an fo l l i c u l a r c e l l s b e t w e e n gon a d o t r op i n s a n d  ��-
i n du c e d  i n h i b i t o r s . 
· A l s o , �� m a y  a l t e r  t h e  s yn t h e s i s _ 
} 
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a n d / o r  d e p l o ym e n t  o f  r e c e p t o r  m a c r omo l e c u l e s o n  o v a r i an 
t a r ge t  c e l l s a f f e c t i n g  e i t h e r  t he n umb e r  o f  a c t i v i t y  o f  k ey 
LH o r  F S H  r e c e p t o r s . P aw e l e k a n d  K o r n e r  ( 1 9 8 2 ) h a v e s u g­
ge s t e d  t ha t  �� m ay i n t e r f e r e  w i t h  p r o t e i n  g l y c o s y l a t i o n s . 
S i n c e  h o r m o n e r e c ep t o r s  a r e  i n  s ome i n s t an c e s  g l y c o p r o-
t e i n s , p e r h a p s  �� n e g a t i v e l y  a f fe c t s  h o rm o n e - r e c e p t o r 
i n t e r ac t i o n on o� a r i a n fo l l i c u l a r c e l l s .  
Ob s e r v a t i o n s  o f  G r an h o l m  e t  a l . ( 1 9 8 5 ) t h a t  p r e g-
n a n t m i c e o f  b o t h  g e n o t yp e s  ( �� � �  a n d  �/ � )  h a d  g r e a t e r  
u t e r i n e  w e i gh t s  a n d  g r e a t e r  t o t a l  o v a r i an o u t p u t  t h a n  n o n ­
p r e gn an t  c o un t e r p a r t s  s u g ge s t  t ha t  t h e s am e  s e t  o f  h o rm o n a l  
f a c t o r s  i n f l ue n c e  a t  l e a s t t h r e e  r e p r o duc t i v e p a r am e t e r s . 
O l d  ��� � m i c e t h a t  c o p u l a t e d  p r ob ab l y  p o s s e s s e d h e av i e r 
u t e r i  and g r e a t e r  n umb e r s  o f  o v a  a t  c op u l a t i o n , b e c a u s e f o r  
s om e  r e as o n ,  t h e y  w e r e  ab l e  t o  r e s p o n d  o p t i m a l l y  t o  e x o ge n ­
o u s  gon ad o t r o p i n s . A p p a r e n t l y t he s e  h o rm o n a l  f a c t o r s  h a v e 
w i d e s p r e a d  e f fe c t s  a c t i n g : ( 1 ) v i a  t h e  h yp o t h a l am u s  an d 
C N S  t o  p r om o t e  s ex u a l r e c ep t i v i t y n e c e s s a r y  f o r  c o p u l a t i o n ,  
( 2 ) on t he u t e r us t o  i n c r e as e  u t e r i n e w e i gh t , a n d ( 3 )  o n  
t h e  o v a r y  t o  m a x i m i z e  t h e  n umb e r s  o f  o v a  p r e p a r e d  an d 
r e l e a s e d . 
R e s u l t s  o f  t h i s  s t u d y  s u g ge s t t h a t  ob e s e �� � �  
fema l e s e x p e r i e n c e  s e x s t e r o i d  i mb a l a n c e s  w h i c h a r e  
r e f l e c t e d i n  ab e r r an t  e s t r o u s  cy c l e s , d e p r e s s e d s e x u a l  
r e c e p t i v i t y ,  l ow e r e d  o v u l a t i o n an d fe r t i l i z a t i o n r a t e s a n d  
de c r e a s e d  u t e r i n e  w e i gh t s . I n  o t h e r  g e n e t i c a l l y  o b e s e  
) 
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r o d e n t s , i mp a i rm e n t o f  r e p r o d uc t i v e  fun c t i o n c o r r e l a t e s  
c l o s e l y w i t h  t he d e g r e e  o f  ob e s i t y .  B o t h  t h e ob / ob an d 
db / db m i c e a n d  t he f a / f a  r a t  a r e  ob e s e a n d  s e v e r e l y  r e p r o -
du c t i v e l y  i m p a i r e d . T h e s e  r o d e n t s  h a v e  l ow l ev e l s  o f  c i r -
c u l a t i n g  s e x s t e r o i ds , b u t t h e p r i m a r y  d e f e c t a p p e a r s  t o  b e  
i n  t h e hyp o t h a l amus / p i t u i t a r y  c o n t r o l  m e c h an i s m s . J o h n s o n 
a n d  S i dm an ( 1 9 7 7 )  r e p o r t e d t h a t  g o n a d o t r op i n  r e l e a s i n g  
h o r m o n e  ( G n R H ) l e v e l s  i n  f em a l e  db / db ( d i ab e t i c )  m i c e w e r e  
h i gh e r  t han t ho s e  o f  c o n t r o l s . I n  t h e  ob / o b m o u s e t h e  
p i t u i t a ry i s  fun c t i on a l l y  i mm a t u r e  a n d  f a i l s t o  r e s p o n d  t o  
e x o g e n o us G n R H  ( S w e r d l o f f , P e t e r s o n , V e r a , B a t t , H�b e r  a n d  
B r a y , 1 9 7 8 ) . I n  t h e  f a t t y  r a t  ( fa / f a ) , · t h e  c o n t r o l s  a r e  
ab n o rm a l l y s en s i t i v e  t o  c i r c u l a t i n g  e s t r o g e n  ( B r a y  & Y o r k , 
1 9 7 9 ) . B e c au s e o f  t h e  ob e s i t y ,  i n fe r t i l i t y ,  an d r e p o r t e d  
ab e r r an t  t h e rmo r e gu l a t i o n  ( T u r n e r , 1 94 8 ) i n  �y / �  f em a l e s , 
i t  i s  t emp t i n g  t o  s p e c u l a t e  o n  a hyp o t h a l am i c  l e s i o n i n  
��� - m i c e a s  w e l l  t h e  ab o v e  m e n t i o n e d  ob e s e  r o d e n t s  ( s e e  
r e v i ew o f  B r ay a n d  Y o r k , 1 9 7 9 ) . Ab e r r an t  hyp o t h a l am i c  
fu n c t i o n e i t h e r  w i t h r e ga r d  t o  r e c ep t i on o f  f e e db a c k  s i g­
n a l s or to r e l e a s e of g o n a d o t r op i n- r e l e a s i n g  f a c t o r s  � o u l d  
r e s u l t  i n  �y/ � f e m a l e s h a v i n g ab n o rm a l l y l ow l e v e l s  o f  
c i r c u l a t i n g  e n d o g e n o u s  gon a d o t r o p i n s . S u ch a f u n dam e n t a l  
hyp o t ha l am i c  l e s i o n c o u l d  b e  a s e c o n d a r y  r e s u l t  o f  ·�y­
i n d u c e d  ob e s i t y o r  a d i r e c t  r e s u l t  o f  �y ac t i n g  o n  s p e c i f i c  
c e l l s o f  t h e  hypo t h a l am u s . 
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A l t h o u g h a hyp o t h a l am i c  i n v o l v eme n t  i n  ��- i n d u c e d  
r e p r o d u c t i v e  s e n e s c e n c e  s e em s  r e as o n ab l e ,  t h e r e  a r e  n o  
s p e c i f i c  da t a  o n  t h e  p r e c i s e ! I  l e s i o n . !I/ � m i c e m a y  b e  
de fe c t i v e  a t  o n e  o r  m o r e  l e v e l s  o f  t h e hyp o t h a l am u s - p i t u i t ­
a r y- o v a r y  ax i s . O n e  s ho u l d  b e  ab l e  t o  as s e s s  t h e r o l e  o f  
t h e  o v a r y b y  c o n du c t i n g  r e c i p r o c a l  o v a ry g r a f t s b e t w e e n 
�� � �  a n d  � � �  fem a l e s . D i r e c t  r a d i o i mm un o as s a y s  o f  o v a r i an 
s t e r o i ds ( p r o g � s t e r o n e  an d e s t r a d i o l - 1 7  ) a n d  g o n a d o t r o p i n s  
( L H a n d  FS H )  o f  o l d  �y/ � an d � � �  fema l e s s h ou l d  a l s o  b e  
p r o du c t i v e e x p e r i m e n t s . Re s t r i c t i n g t h e d i e t s  o f  o b e s e  
r e p r o d uc t i v e l y  s e n e s c e n t  �I I �  fema l e s t o  d e t e rm i n e  i f  
w e i gh t  l o s s  ( l o s s  o f  a d i p o s i t y )  w i l l  r e s t o r e  r e p r o du c t i v e  
p o t e n t i a l  m i gh t  a l s o  y i e l d  wo r t hw h i l e  d a t a .  
T o  s umm a r i z e , r e p r o d u c t i v e l y  s en e s c e n t  
( C 5 7 B L / 6 J ) fema l e s e x p e r i e n c e d  r e duc e d  c o p u l a t i o n , l i gh t e r 
u t e r i , p a r t i a l l y  r e s t o r e d  o v a r i an o u t p u t , an d r e du c e d  f e r t ­
i l i z a t i o n r a t e s  a f t e r  e x o g e n o u s gon a d o t r o p i n  t r e a t m e n t s  
w h e n  c omp a r e d  t o  a g e - m a t c h e d  � � �  c o n t r o l s . S i n c e  g o n a d o ­
t r op i n - t r e a t e d  o l d  ! I / � f em a l e s c o u l d  p r o du c e  e n h a n ce d  
n umb e r s  o f  o v a , o v a r i a n s en s i t i v i t y t o  F S H  an d L H  r em a i n s  
i n t a c t . A c c o r d i n g l y ,  l e v e l s  o f  e n d o g e n o u s  g o n a d o t r o p i n s  
an d / o r  s e n s i t i v i t y o f  o v a r i an t a r ge t  c e l l s  t o  p l a s m a 
g o n a d o t r op i n s  m a y  b e  i m p a i r e d  i n  ob e s e  �y/ �  fem a l e s . · Ab e r � 
r an t c o p u l a t o r y  b e h a v i o r  an d l i gh t e r  u t e r i n e w e i gh t s  
s t r on g l y  s ugg e s t o v a r i an s t e r o i d  d e f i c �e n 6 i e s , p e r h a p s  
s e c o n d a r y  e f f e c t s  o f  r e d u c e d  g o n a d o t r op i n  a c t i v i t y .  I n . 
) 
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a d d i t i o n t o  r ep r o du c t i v e  ab n o rm a l i t i e s o t h e r  a s p e c t s  o f  t h e  
l e t h a l  y e l l ow s yn d r om e  s u c h  a s  hyp e r p h a g i a  ( o v e r - e a t i n g , 
ob e s i t y , s us p e c t e d t h e rm o r e gu l a t o r y ab e r r a t i o n s  ( T u r n e r , 
1 9 4 8 ) , a M S H  m e d i a t e d c o a t  c o l o r  p h e n om e n a  ( G e s c hw i n d  e t  a l . ,  
1 9 7 2 ; T am a t e  a n d  T ak e u c h i ,  1 9 84 ) , a n d  o t h e r s s u g g e s t  a 
fun dame n t a l � �- i n du c e d  h yp o t h a l am i c l e s i o n . 
) 
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S UMMARY 
Two e x p e r i m en t s  w e r e  c o n d u c t e d t o  t e s t  t h e  r e p r o ­
du c t i v e p o t en t i a l  o f  t h e  a ge i n g  ob e s e l e t h a l  y e l l ow ( �� / � )  
f e m a l e  m o u s e a n d  t o  d e t e rm i n e  h ow t he � �  mu t a t i o n n e g ­
a t i v e l y  a ff e c t s  f em a l e  r e p r o du c t i o n . 
T h e  f i r s t  e x p e r i m e n t w a s  d e s i gn e d  t o  a s s e s s  t h e  
b a s a l  r e p r o d uc t i v e  a c t i v i t y  o f  u n t r e a t e d  ob e s e � � � � f e m a l e s 
g r e a t e r  t h an 1 2 0  d a y s  o f  a g e . R e s u l t s from t h i s  e x p e r i m e n t  
c l e a r l y  d o c ume n t e d t h e  i n f e r i o r r e p r o du c t i v e  s t a t u s o f  � � � � 
f e m a l e s when c omp a r e d  t o  n o n y e l l ow ( �/ � ) a g e -m a t c h e d  c o n -
t r o l s . �� � �  fema l e s p o s s e s s e d g r e a t e r  b o d y  w e i gh t s ,  ab e r -
r an t  e s t r o us c y c l e s , h e a v i e r o v ar i e s , l i gh t e r  u t e r i , f ew e r  
o o c y t e s  p e r  o v a r y , f ew e r  o v a-b e a r i n g r e p r o d u c t i v e  t r a c t s , 
an d few e r  o v a  p e r  o v u l a t i o n t h a t  a g e -m a t c h e d  � � �  c o n t r o l s . 
H a v i n g  d o c um e n t e d  t h a t  t he b a s a l  r e p r o d uc t i v e  p e r ­
f o rm an c e  o f  un t r e a t e d , a g e i n g ��� � fema l e s w a s  q u a l i t ­
a t i v e l y  i n f e r i o r t o  t h a t  o f  a g e -m a t c h e d  � � �  f e m a l e s , t h e 
s e c o n d  e x p e r i m e n t t e s t e d t h e ab i l i t y  o f  � � � �  fema l e s t o  
r e s p o n d  t o  t h e  e x o ge n o u s  p i t u i t a r y  gon ad o t r o p i n s - F S H  an d 
LH. A l t h ou gh e x o ge n o u s  g o n a d o t r o p i n s  p a r t i a l l y r e s t o r e d  
t h e  p r e p a r a t i o n a n d r e l e a s e  o f  o v a  ( o v a r i a n o u t p u t ) ,  
t r e a t e d  �! / �  fema l e s c on t i n u e d  t o  e x p e r i e n c e  i e d u c e d  c o p u­
l a t i o n ,  l i gh t e r  u t e r i � a n d  r e d u c e d  f e r t i l i z a t i on r a t e s  w h e n  
c o mp a r e d  t o  g o n a d o t r op i n - t r e a t e d  a g e -m a t c h e d � � �  c o n t r o l s . 
S i n c e  s u p e r o v u l a t e d  � g e i n g � � � �  fema l e s c o u l d  r e s p o n d  t o  
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e x o g e n o u s g o n ad o t r o p i n s  b y  p r e p a r i n g  a n d  r e l e a s i n g  g r e a t e r  
n umb e r s  o f  o v a  t h a n  n o n t r e a t e d  �I/ � fem a l e s , o v a r i an s en ­
s i t i v i t y t o  F S H  an d L H  a p p a r e n t l y r em a i n e d  i n t a c t . 
A c c o r d i n g l y , l e v e l s  o f  e n d o g e n o u s  g o n a d o t r op i n s  a n d / o r  
s e n s i t� v i t y o f  o v a r i an t a r ge t  c e l l s t o  p l a s m a  g o n a d o t r o p i n s  
m a y  b e  i mp a i r e d  i n  �� � �  m i c e . 
T h e  ob s e r v a t i o n t h a t  d e g r e e  o f  fem a l e ad i p o s i t y i s  
i n v e r s e l y  r e l a t e d t o  r e p r o d u c t i v e  p e r f o rm a n c e  ( T ab l e s 4 
an d 7 )  s u g ge s t s  t h a t  � � � � f e m a l e s s i mp l y  c a n n o t  p r o d u c e  
s u f f i c i e n t  q u an t i t i e s o f  p i t u i t a r y  g o n a d o t r op i n s  t o  e l i ­
c i t  n o rma l o v a r i a n r e s p o n s e s ; e n d o ge n o u s  g o n a d o t r o p i n s 
a r e  d i l u t e d  t o  s ub t h r e s h o l d  l ev e l s  d u e  t o  e x c e s s a d i p o s e 
t i s s u e :  I n  t h i s  i n s t an c e , s t e r i l i t y o f  ���� fem a l e s 
c o u l d  b e  c au s e d  b y  s e c o n d a r y  ob e s i t y  r a t h e r  t han a p r i m ­
a r y  �I - i n d u c e d  ab e r r a t i o n .  How e v e r , o t h e r  a s p e c t s o f  
� I  e x p r e s s i o n s u c h  a s  hyp e r p h a g i a ,  t h e rm o r e gu l a t o r y  d e -
f e c t s ( T u r n e r , 1 9 4 8 ) , a -M S H  m e d i a t e d c o a t  c o l o r  p h e n o ­
m e n a ( G r an ho l m  a n d  J ap s , 1 9 84 )  a n d  o t h e r s s u g g e s t  t h a t  � �  
m a y  c au s e  a p r i m a r y  l e s i o n i n  t h e hyp o t ha l amus . I f  s o , 
t h an r e p r o du c t i v e  i n e f f i c i e n c y i n  ��� � f em a l e s  m a y  b e  d u e  
t o  s om e  as p e c t  o f  ab e r r an t  g o n a d o t r op i n  s y n t h e s i s  a n d  
m e t ab o l i s m .  T h e  d i r e c t  r a d i o i mmun o a s s a y o f  o v a r i an s t e r­
o i d s a n d  p i t u i t a r y  g o n a d o t r o p i n s i n  ��� � fema l e s an d t h e  
r e c i p r o c a l  o v a r y  g r a f t i n g  o f  � � � �  a n d  � � �  o v a r i e s p r o v i d e 
t w o  p r o c e d u r e s  t o  fu r t h e r  d e f i n e  an d l o c a l i z �  t h e a f f ec t s  
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o f  � �  a t  e i t he r  h yp o t h a l am o - p i t u i t a r y  o r  o v a r i an - u t e r i n e  
ax e s . 
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J .  P h ys i o l . 1 9 3 : 4 9 9 - 5 0 4 . 
C i z a d l o , G .  K .  1 9 7 6 . P h y s i o l o g i c  a n d  emb r y o l o g i c  s t u d i e s 
o f  t h e y e l l ow ( �y/ � )  m o u s e . · Ph . D .  D i s s e r t a t i o n . 
S o u t h  D ak o t a S t a t e  U n i v e r s i t y ,  B r o o k i n gs . 
C i z a d l o ,  G .  R . , S .  K .  H o f fm a n  a n d  N .  H .  G r an h o l m . 1 9 7 5 . 
M a t i n g  c h a r a c t e r i s t i c s a n d  emb r y o n i c  l o s s e s i n  t h e 
y e l l ow ( �� )  m o u s e . P r o c . S .  D .  A c a d . S c i . 5 4 : 1 5 7 -
1 6 1 . 
C u e n o t , L .  1 9 0 5 . L e s  r a c e s  p u r e s  e t  l e u r s  c om b i n a i s o n s  
c h e z  l e s  s o u r i s  ( 4 e n o t e ) . A r c h . Z o o l . E x p  . . G e n e . , 
4 e  s e rv . 3 : 1 2 3 - 1 3 2 . 
D an f o r t h ,  c .  H .  ·1 9 2 7 . H e r e d i t a r y  a d i p o s i t y  i n  m i c e . J .  
H e r e d i t y  1 8 : 1 5 3 - 1 6 2 . 
D i c k e r s o n , G .  E .  an d J .  W .  G ow e n . 1 94 7 . H e r e d i t a r y  
ob e s i t y an d e f f i c i eri t  f o od u t i l i z a t i on i n  m i c e . 
S c i e n c e  1 0 5 : 4 9 6- 4 9 8 . 
5 3  
E dw a r d s , R .  G .  a n d  A .  H .  G a t e s . 1 9 5 9 .  T i m i n g o f  t h e 
s t a ge s  o f  t h e m a t u r a t i o n d i v i s i on s , o v u l a t i o n , a n d 
fe r t i l i z a t i on a n d  t h e f i r s t  c l e a v ag e  o f  e gg s  o f  
a du l t  m i c e t r e a t e d  w i t h  g o n a d o t r op i n s . J .  
E n d o c r i n o l .  1 8 : 2 9 2 - 3 0 4 . 
G e s c hw i n d , I .  I . , R .  A .  Hu s e b y  a n d  R .  N i s h i o k a , 1 9 7 2 . 
e f f e c t  o f  m e l an o c y t e- s t i mu l a t i n g  h o �m o n e  o n  
c o l o r  i n  t h e  m o u s e . R e c e n t P r o g . H o rm o n e  
2 8 : 9 1 - 1 3 0 . 
T h e  
c o a t  
R e s . 
G r an h o l m , N .  H .  a n d  K .  T .  B r o ck . 1 9 8 0 . E ff e c t  o f  t he 
l e t h a l  y e l l ow g e n e ( �� )  o n  m a t i n g  p r e f e r e n c e  i n  
C 5 7 B L / 6J m i c e . P r o c . S . D .  A c a d . S c i . 5 9 : 1 5 6- 1 5 9 . 
G r an h o l m , N .  H .  an d K .  T .  B r o c k . 1 9 8 1 . E f f e c t s  o f  t h e 
l e t h a l  y e l l ow g e n e  ( �� )  on r e p r o d u c t i v e p e r fo rm a n c e  
i n  s t r a i n  C 5 7 B L / 6 J m i c e . P r o c . S . D .  A c a d . S c i . 
6 0 : 2 4 - 2 8 . 
G r anh o l m , N .  H .  a n d  R .  A .  J ap s . 1 9 8 4 . A n a l y s e s  o f  
m e l a n o s om e  d i f fe r e n t i a t i o n  a n d  t y r o s i n a s e  i s o z ym e s  
i n  h a i r - b u l b  p i gm e n t c e l l s o f  l e t h a l  y e l l ow � i c e 
( �� � � ; C 5 7 B L / 6J ) . P r o c . M i dw e s t R e g i o n a l  D e v l . 
B i o l . C on f e r en c e , M a y  1 7 - 1 9 , 1 9 8 4 . · un i v e r s i t y o f  
C i n c i n n a t i .  
G r an h o l m , N .  H . , K .  W .  J ep p e s e n  an d R .  A .  J a p s . 1 9 8 5 . 
P r o g r e s s i v e  i n fe r t i l i t y i n  fem a l e  l e t h a l. y e l l ow 
m i c e ( !y / � ;  · S t r a i n  C 5 7 B L / 6J ) . J .  R e p r o d .  F e r t i l . 
( I n P r e s s ) .  
G r an h o l m , N .  H .  an d P .  M .  J o hn s o n . 1 9 7 8 . E n h an c e d  
i d e n t i f i c a t i o n o f  l e t h a l  y e l l ow ( ����� ) m o u s e 
emb r y o s  b y  m e a n s  o f . d e l a y e d  d e v e l o p m e n t o f  f o u r ­
c e l l  s t a g e s . J .  E x p . Z o o l . 2 0 5 : 3 2 7 - 3 3 3 . 
-
H e s t o n , W .  E .  a n d  G .  V l ah ak i s . 1 9 6 1 . I n f l u e n c e  o f  t h e  �� 
g e n e o n  m amm a r y  g l an d  t um o r s , he p a t omas , a n d  n o r m a l 
g r ow t h . J .  N a t l . C an c e r . I n s t . 2 6 : 9 6 9 - 9 8 3 . 
Ho l l i f i e l d , G .  an d W .  P a r s on . 1 9 5 7 . F o o d  d r i v e  a n d  
s a t i e t y  i n  y e l l ow m i c e . Am . J .  P h ys i o l . 1 8 9 : 3 6 - 3 8 . 
J o h n s o n , L .  M .  a n d  R .  S i dm an . 1 9 7 9 . A 
e n d o c r i n e  p r n f i l e  i n  t h e  d i ab e t e s  
mou s e . B i o i . R e p r o d . 2 0 : 5 5 2 - 5 5 9 . 
r e p r d d u c t i v e 
( gQ )  m u t a n t  
5 4  
K a k i h an a ,  R . , L .  B .  E l l i s ,  S .  A .  G e r l i n g , S .  L .  B l um a n d  S .  
K e s s l e r . 1 9 7 4 . B r u c e  e f fe c t  c omp e t e n c e  i n  y e l l ow 
l e t h a l  h e t e r o z y g o u s  m i c e . J .  R e p r o d . F e r t i l . 
4 0 : 4 8 3 - 4 8 6 . 
K a s t en , F .  H .  1 9 5 2 . C om p a r a t i v e  h i s t o l o g i c a l  s t ud i e s o f  
e n d o c r i n e  g l an d s  o f  y e l l ow ( AX/ � )  a n d  n o n - a g o u t i 
m i c e ( � / � ) i n  r e l a t i o n t o  p r ob l em s  i n  h e r e d i t a r y  
ob e s i t y .  S c i e n c e  1 1 5 : 6 4 7 - 64 9 . 
M c L a r e n , A .  1 9 6 7 . E f f e c t o f  f e t a l  m a s s o n  g e s t a t i o n  
p e r i o d  i n  m i c e . J .  R e p r o d . F e r t . 1 3 : 3 4 9 - 3 5 1 .  
M u r r , S .  M . , I .  I .  G e s chw i n d  a n d  G .  E .  B r a d fo r d .  1 9 7 3 . 
P l a s m a  L H  a n d  F S H  d u r i n g  d i f f e r e n t  e s t r o u s  c y c l e  
c o n d i t i o n s  i n  m i c e . J .  R e p r o d . F e r t i l . 3 2 : 2 2 1 - 2 3 0 . 
N e l s o n , J .  F . , L .  · S .  F e l i c i a , . H .  H .  O s t e rb u r g  a n d  C .  E .  
F i n c h . 1 9 8 1 . A l t e r e d  p r o f i l e s o f  e s t r a d i o l  a n d  
p r o g e s t e r o n e  a s s o c i a t e d w i t h  p r o l o n g e d  e s t r o u s  
c y c l e s a n d  p e r s i s t e n t  v a g i n a l  c o rn i f i c a t i o n i n  
a g i n g  C 5 7 B L / 6J m i c e . B i o l . R ep r o d . 2 4 : 7 84 - 7 9 4 . 
P aw e l e k , J .  M .  a n d  A .  M .  K o r n e r . 1 9 8 2 . 
o f  m amm a l i an m e l an i n . Ame r . S c i . 
T he b i o s yn t h e s i s  
7 0 : 1 3 6- 1 4 5 . 
P e de r s e n , R .  A .  a n d  A .  I .  S p i n d l e . 1 9 7 6 . G e n e t i c  e f f e c t s  
o f  m am m a l i an d e v e l o p m e n t du r i n g  a n d a f t e r  
i m p l an t a t i o n . I n : E mb r y o g e n e s i s  i n  M amma l s , ( C i b a  
F dn . S ymp . . N o . 4 0 ) , p p  1 3 3 - 1 5 4 . E d� . I .  E l l i o t  
a n d  M .  O ' C o n n o r . E x c e rp t a M e d i c a . Am s t e r d am . 
P ow e r s , J .  · B .  1 9 7 0 . H o rm o n a l  c o n t r o l  
r e c e p t i v i t y d u r i n g  t he e s t rus c y c l e  o f  
P h ys i o l . B eh a v . 5 : 8 3 1 - 8 3 5 . 
o f  s e x u a l 
t h e r a t . 
Ra f fe r t y ,  K .  A .  J r . 1 9 7 0 . M e t h o d s  i n  E x p e r i m e n t a l  
E mb r y o l o gy o f  t h e  M o u s e . J o h n s . H o p k i n s  P r e s s . 
B a l t i m o r e , M a r y l an d .  
1 9 6 8 . 
D e v e l o pm e n t . 
. M i n n e s o t a . 
T h e  M o u s e I t s  R e p r o duc t i o n a n d 
B u r ge s s P ub l i s h i n g  C o . , M i n n e a p o l i s , 
S i l b e rb e r g , R .  a n d M .  S i l b e rb e r g . 1 9 5 7 . L e s i'o ns i n  
" y e l l ow "  m i ·c e  f e d  s t o c k , h i gh-:- f a t  o r  h i g h c a rb o h y ­
d r a t e d i e t s . · Y a l e  J .  B i o l . M e d . 2 9 : 5 2 5 - 5 3 9 .  
5.5 
T am a t e ,  H .  B .  a n d  T .  T a k e u c h i .  1 9 8 4 . A c t i o n o f  t h e  � 
L o c u s  o f  m i c e  i n  r e s p o n s e o f  p h a e om e l an i c  h a i r  
fo l l i c l e s  t o  - m e l an o c y t e s t i mu l a t i n g  h o rm o n e  i n  
v i t r o .  S c i e n c e  2 2 4  ( 4 6 5 4 ) : 1 2 4 1 - 1 2 4 2 . 
T u rn e r , M .  L .  1 94 8 . H e r e d i t a r y  ob e s i t y  an d t em p e r a t u r e  
r e gu l a t i o n .  Am . J .  P h y s i o l . 1 5 2 : 1 9 7 - 2 0 4 . 
W h i t t e n ,  W .  K. 1 9 7 3 . G en e t i c  
f u n c t i o n i n  r e p r o duc t i o n . 
S up p l . 1 9 : 4 0 5 -4 1 0 . 
v a r i a t i o n o f  o l f a c t o r y  
J .  R e p r o d . F e r t i l .  
W h i t t e n , W .  K. a n d  A .  K. C hamp l i n .  1 9 7 8 . P h e r om o n e s , 
e s t rus , o v u l a t i on a n d  m a t i n g . I n : D an i e l , J .  C .  
J r . ( E d . ) .  M e t h o d s i n  M amma l i an R e p r o d u c t i o n .  
A c a d em i c  P r e s s , N ew Y o r k . p p  4 0 3 - 4 1 7 . 
W h i t t i n  g h am , D . G . a n d  M . J . W o o d  . 1 9  8 3 . R e p r o  d u c t i v e 
P hy s i o l o g y .  I n : F o s t e r , H .  1 . , J .  D .  S m a l l  a n d J .  
G .  F o x  ( E d s . ) .  T h e  M o u s e  i n  B i om e d i c a l  R e s e a r c h . 
V o l . I I I . N o rm a t i v e  B i o l o gy I mm un o l o gy , a n d  
H u s b an d r y . p p  1 3 8 - 1 6 5 . A c a d em i c  P r e s s , N ew Y o r k . 
W o l ff ,  G .  L .  1 9 7 8 . I n f l u e n c e  o f  m a t e r n a l  p h e n o t yp e  o n  
m e t ab o l i c  d i f f e r e n t i a t i o n  o f  a g o u t i l o c u s  m u t a n t s  
i n  t h e m o u s e .  G e n e t i c s 8 8 : 5 2 9 - 5 3 9 . 
W o l f f ,  G .  L .  a n d  A .  B a r t k e . 1 9 6 6 . D e c r e a s e d  s u r v i v a l  o f  
emb r y o s  i n  _ y e l l ow ( �! / � )  fema l e  m i c e . . J .  H e r e d . 
5 7 : 1 4 - 1 6 . 
.� · . 
� 
APPEND I X  I .  RAW D A T A  FROM E X P E R IMENT ONE - B A S A L  O V AR I A N AC T I V I T Y I N  
M I C E GREATER THAN 1 2 0 D A YS O F  AGE , LE THAL YE L LOW ( � y / � )  G E NOTYPE 
Mous e I d en t i f i c at i o n 
�y�� � r B o dy O v a r y  U t e r u s  Ut e r i n e  H o r n  




L e f t  d R i ghtd 










1 0  
. 1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 9 0 . 1 1 1  
7 8 . 1 0 5  
1 2 2 . 1 0 6  
2 0 . 1 0 7  
1 0 . 1 0 4 
1 6 . 1 0 1  
4 2 . 1 0 4 
3 0 6 . 1 0 9  
2 3 6 . 1 1 0 
2 5 0 . 1 1 3  
17 2 . 1 1 3 
8 8 . 1 0 8  
1 94 . 1 1 4 
4 6 . 1 0 3  
2 0 4 . 1 1 4 
1 0 6 . 1 0 7  
1 9 6 . 1 0 9  
5 2 . 1 0 2  
2 0 2· . 1 0 8  
2 4 6 . 1 1 1 
5 0 . 1 0 6  
64 . 1 0 7  
2 7 2 . 1 1 4 
1 5 6 . 1 1 0 
1 5 0 . 1 0 5  
1 5 8 . 1 0 2  
5 7 . 7  
5 6 . 3  
5 6 . 3 
5 6 . 1 
5 5 . 4  
5 4 . 3  
5 4 . 2  
5 3 . 8  
5 3 . 6  
5 2 . 7  
5 2 . 7  
5 2 . 6  
5 2 . 5  
5 2 . 1  
5 2 . 0  
5 1 . 6  
' 5 1 .  0 
5 0 . 7  
5 0 . 4  
5 0 . 3  
5 0 . 2  
5 0 . 2  
4 9 . 4  
4 9 . 3  
4 8 . 8 
4 8 . 5  
1 2 . 98 
1 1 . 4  
1 1 . -4  
1 4 . 0  
9 . 5  
7 . 0 
1 1 . 1  
9 . 1 
9 . 7 
8 . 7 
1 0 . 2  
7 . 3  
1 0 . 5  
1 4 . 2  
1 1 . 5  
7 . 2  
6 . 2 
1 2 . 2  
1 1 . 2  
8 . 3 
1 0 . 8  
1 1 . 1  
7 . 0  
9 . 5  
9 . 0 
7 . 1 







4 6 . 0  
2 1 . 2  
7 7 . 4  
3 8 . 3 
7 1 . 9  
4 5 . 8  
NA 
4 8 . 1 
NA 
4 2 . 1  
NA 
2 8 . 8  
2 9 . 3 
NA 
NA 
2 2 . 9  
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APPEND I X  I C ONT I N U E D  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mous e I d e n t i f i c a t i o n 
���� � r B o dy O v a r y  U t e r us U t e r i n e  H o r n  
C o ns ecut i v e  E x p e r i me n t a l  W e i gh t  We i ght W e i ght V a g i n aJ L e f t  R i ght L e f t  R i gh t  
Numb e r  Numb e r  ( g r ams ) ( mg )  ( mg )  S m e a r  O v a r yc O v a r yc U t e r usd U t e r u sd 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
2 7  1 0 4 . 1 0 6  4 8 . 4  5 . 5a N A  D 4 3 l 2 
2 8  1 0 0 . 1 0 5  4 8 . 3  9 . 0 NA E 2 '2  3 3 
2 9  2 7 8 . 1 1 4 4 8 . 1 5 . 5  6 3 . 1  M 3 3 1 2 
3 0  2 2 4 . 1 1 0  4 7 . 8  9 . 8  5 0 . 6  E 3 2 1 1 
3 1  2 4 4 . 1 0 9  4 7 . 8  4 . 6  6 6 . 6  E 2 2 l l 
3 2  3 1 6 . 1 1 1  4 7 . 7  7 . 9  4 4 . 4  E 2 3 l 1 
3 3  1 1 8 . 1 0 2  4 7 . 7  6 . 0  NA P 2 2 1 1 
3 4  1 3 4 . 1 0 2  4 7 . 4  9 . 5  NA M 3 3 1 1 
3 5  7 2 . 1 0 1  4 7 . 0  7 . 3  N A  P 2 1 1 1 
· 3 6  5 8 . 1 0 3  4 6 . 6  6 . 4  N A  M 2 2 1 1 
3 7  2 6 . 1 0 5  4 6 . 4  7 . 5  NA D 2 2 1 1 
. 3 8  - 2 6 4 . 1 0 8  · 4 6 . 3 7 .  5 4 3 . 2 M H I S T  3 1 1 
3 9  2 8 8 . 1 0 9  4 6 . 2  2 . 0  3 0 . 5  M 1 1 1 1 
4 0  3 4 . 1 0 6  4 5 . 9  4 . 0  N A  M 2 2 1 1 
4 1  3 1 4 . 1 1 0 4 5 . 2  6 . 8 2 8 . 1 M 3 3 1 1 
4 2  1 0 2 . 1 0 5  4 5 . 1  7 . 0  NA D 1 H I S T  1 2 
4 3  3 0 0 . 1 1 4 4 4 . 0  7 . 6  3 2 . 8  D 3 4 1 1 
44  1 84 . 1 1 0 4 3 . 7  8 . 1 5 6 . 7  M 2 2 1 1 
4 5  8 0 . 1 0 3  4 3 . 3  5 . 4  NA M 2 2 1 2 
4 6  7 0  . . 1 0 4  4 3 . 2  5 . 8  N A  M 2 2 1 1 
4 7  3 5 6 . 1 1 3 4 2 . 6  8 . 1 7 2 . 7  p 3 4 1 1 
4 8  2 9 6 . 1 0 8  4 2 . 2  6 . 0 1 9 . 3 M 4 4 1 1 
4 9  2 9 8 . 1 1 2 4 1 . 9  5 . 6  3 5 . 5  D 3 3 1 1 
5 0  1 8 0 . 1 1 2 4 1 . 5  1 0 . 0  5 9 . 3  E 3 H I S T  1 1 
5 1  1 7 4 . 1 1 1  4 1 . 5  3 . 1 4 2 . 0  E 2 2 1 1 
5 2  2 1 2 . 1 1 2  4 1 . 4  6 . 7 1 2 9 . 4  E 3 3 1 1 
VI 
......... 
A P P E ND I X  I C O NT I NU E D  
Mous e I d e n t i f i c at i o n 
�y�� � [  B o dy O v a r y  U t e r u s  U t e r i n e  H o r n  
C o n s e c u t i v e  E x p e r ime n t a l W e i gh t  W e i gh t  W e i gh t  V a g i n a� L e f t
c
R i gh t
c 
L e f t  d R i gh� 
Numb e r  Numb e r  ( g r ams ) ( mg )  ( m g )  S m e a r  O v a r y O v a r y  U t e r u s  U t e r u s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
5 3  2 2 6 . 1 0 8  4 1 . 4  3 . 0a 1 0 5 . 0  M 2 2 1 l 
5 4  1 1 6 . 1 0 4  4 1 . 2  5 . 3  NA P 2 2 1 1 
5 5  9 6 . 1 0 1  4 1 . 1 7 ; 6 NA M 2 2 3 3 
5 6  2 3 4 . 1 1 3  4 0 . 8  7 . 0  4 4 . 9  M 3 2 l 1 
5 7  1 5 2 . 1 0 1  3 9 . 7  1 2 . 7  NA D H I S T  3 1 1 
5 8  8 . 1 0 7  3 9 . 4  5 . 5  N A  D 2 2 1 1 
5 9  1 1 4 . 1 0 1  3 9 . 1 1 . 2  NA E 1 l 1 1 
6 0  2 8 0 . 1 1 3 3 9 . 1  7 . 3  8 7 . 8  E 4 3 2 1 
6 1  3 3 4 . 1 1 1  3 8 . 4  7 . 3  1 8 . 0  D 3 3 1 1 
6 2  2 5 8 . 1 0 9  3 8 . 1  5 . 9  5 6 . 0  M 3 3 2 2 
6 3  2 8 4 . 1 1 2 3 7 . 9  8 . 6 4 5 . 5  M 3 4 l 1 
. 6 4  1 4 8 . 1 0 6  3 7 . 3  6 . 1 NA P 4 4 1 1 
6 5  3 6 . 1 0 2  3 7 . 0  4 . 2  NA E 2 2 2 2 
6 6  2 2 0 . 1 1 2  3 6 . 8  7 . 7  4 6 . 4  M · 3 2 1 2 
6 7  7 6 . 1 0 7  3 6 . 3  9 . 4  NA M H I S T  2 2 2 
6 8  9 4 . 1 0 3  3 5 . 9  6 . 4  NA M 3 2 l 3 
6 9  1 6 8 . 1 0 3  3 5 . 5  6 . 2 NA M 3 3 3 3 
7 0  1 2 4 . 1 0 4  3 4 . 2  6 . 1 NA E 3 3 l 1 
a Mean w e i gh t"  o f  b o t h  o v a r i e s p e r  fema l e  o r  w e i gh t  o f  on l y  o n e  o v a ry p e r  
femg l e . 
· 
V a g i n a l  s m e a r s  w e r e  as s i gn e d  t o  o n e  o f  f o u r  e s t r o u s  s t a g e s  P = p r o e s t r u s , E 
= e s t rus , M = · me t e s t r us , o r  D = d i e s t r us . c S c o r e s  b a s e d - o n t h e l i b e r a t i on o f  o v a  f r om o v a r i e s fo l l ow i n g  m e c h an i c a l  
" p unch i n g "  p r o c e d u r e s : l = n o  o v a , 2 = 1 - 5 o v a , 3 = 6 - 1 2  o v a  a n d  4 = g r e a t e r  
t h a� 1 2  o v a . 
. S c o r e s  b a s e d  on  p r e s en c e a n d  l o c a t i o n o f  o v a  i n  r e p r o d u c t i o n t r a c t s : 1 = n o  
\. ... -,s-/ "'-t) · � 
o v a  found i n  t r a c t s , 2 = o v a  i n  t r ac t s  b u t  i n  a r e g i o n o t h e r  t h an t h e o v i d u c t a l  
ampu l l a ,  a n d  3 = o v a  l o c a t e d  i n  ampu l l a o f  ov i du c t . 
Vl 
00 
A P P E ND I X  I I .  RAW D A T A  FROM E X P E R I ME NT O N E - B A S A L  O V AR I AN AC T I V I T Y I N  
M I C E  G R E A T E R  THAN 1 2 0  D A Y S  O F  A G E , C O N TRO L B L A C K  ( � / � )  G E N O T YP E 
M o u s e I d e n t i f i c a t i o n 
���� � r B o dy O v a r y  U t e r u s  U t e r i n e  H o rn 
C o n s e c u t i v e  E x p e r i m e n t a l  We i g h t  W e i gh t  We i gh t  V a g i n a� L e f t
c
R i gh t
c 
L e f t  d R i g h td Numb e r  N umb e r  ( g r ams ) ( m g )  ( m g )  S m e a r  O v a r y  O v a r y U t e r us U t e r us 










1 0  
· 1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
1 0 8 . 1 0 1  
3 8 . 1 0 5 
6 6 . 1 0 5  
2 8 0 . 1 1 1  
2 6 6 . 1 1 3 
2 6 0 . 1 1 3 
4 . 1 0 1 
2 9 4 . 1 1 0 
1 4 . 1 0 1  
1 1 0 . 1 0 2  
8 4 . 1 0 7  
2 2 2 . 1 1 3 
4 4 . 1 0 3  
6 0 . 1 0 3  
1 2 8 . 1 0 5  
1 8 . 1 0 4  
1 4 6 . 1 0 2  
1 9 0 . 1 0 8  
9 8  .  1 0 6  
1 2 6 . 1 0 1  
1 6 0 . 1 1 2 
2 0 2 . 1 0 9  
' 2 4 2 . 1 1 3  
1 1 2 . 1 0 5 
1 6 4 . 1 1 0 ) 
9 2 . 1 0 2  
3 1 . 8  
3 0 . 3  
2 9 . 2  
2 9 . 1 
2 9 . 0  
2 9 . 0  
2 8 . 9  
2 8 . 7  
2 8 . 2  
2 8 . 1  
2 8 . 1  
2 8 . 0  
2 7 . 9  
2 7 . 8  
2 7 . 8  
2 7 . 7  
2 7 . 5  
2 7 . 5  
2 7 . 3  
2 7 . 2  
2 7 . 1  
2 7 . 0  
2 6 . 8  
2 6 . 7  
2 6 . '6 
2 6 . 6  
a 
6 . 9  
0 . 7  
4 . 8  
6 . 9 
7 . 6  
7 . 6  
1 . 3  
4 . 0  
5 . 9  
6 . 2  
1 . 6  
4 . 0  
4 . 0  
7 . 2  
5 .  7 '  
6 . 5  
6 . 0 
7 . 5  
7 . . 5 
5 . 0  
4 . 1 
7 . 0  
5 . 7  
5 . 5  
6 . 7 




1 2 1 . 8  
8 2 . 5  
5 2 . 4  
NA 










9 8 . 6  
NA 
NA 
1 2 7 . 0  
8 8 . 3  
5 8 . 9  
NA 
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A P P E ND I X  I I  C O N T I N U E D  
- - - - - - - - - - - - - - - - - - - - - - � - - - - - -· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
M o u s e I d e n t i f i c a t i o n 
Numb e r  B o d y  O v a r y  U t e r u s  U t e r i n e  H o r n  
C o n s e c u t i � e - E �p e r i m e n t a 1  W e i g h t  W e i gh t  W e i gh t  V a g i n a� L e f t
c
R i gh t
c 
L e f t d Numb e r  N umb e r  ( g r a m s ) ( m g )  ( m g )  S m e a r  O v a r y O v a r y  U t e r u s  
R i gh td U t e r u s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
\ V..:!J · � 
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
. 3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7 
4 8  
4 9  
5 0  
5 1  
5 2  
2 7 6 . 1 1 4 
1 1 8 . 1 1 4 
1 3 6 . 1 0 7  
2 9 2 . 1 0 9  
1 7 8 . 1 1 4 
6 . 1 0 4  
1 8 2 . 1 1 0 
6 2 . 1 0 4 
2 5 8 . 1 0 8  
1 5 4 . 1 0 6  
4 0 . 1 0 4  
1 6 6 . 1 0 6  
7 4 . 1 0 2  
2 2 8 . 1 1 1  
8 2 . 1 0 3  
1 3 2 . 1 0 5  
2 8 2 . 1 0 9  
9 0 . 1 0 2  
2 2 8 . 1 0 8  
1 6 0 . 1 0 3  
2 8 6 . 1 0 8  
2 7 2 . 1 1 4 
8 8 . 1 0 6  
5 6 . 1 0 1  
1 4 0 . 1 04 
1 4 2 . 1 0 7  
2 6 . 6  5 . 8
a 
2 6 . 5  7 . 0  
2 6 . 4  6 . 9 
3 6 . 3  4 . 0  
2 6 . 2  2 . 4  
2 6 . 1 4 . 4  
·2 6 . 1 5 . 7  
2 6 . 0  4 . 8  
2 6 . 0 5 . 8  
2 5 . 7  7 . 6  
2 5 . 5  5 . 5  
2 5 . 5  6 . 9 
2 5 . 4  5 . 9  
2 5 . 3  7 . 0 
2 5 . 1  4 . 6 
2 5 . 0  4 . 0  
2 4 . 9  6 . 0 
2 4 . 7  4 . 6 
2 6 . 6  4 . 7  
2 4 . 5  7 . 8  
2 4 . 3  5 . 8  
2 4 . 3  5 . 6  
2 4 . 2  7 . 4  
2 4 . 2  5 . 8  
2 4 . 1  5 . 0  
2 4 . 0  8 . 3 
7 1 .  1 M 3 4 2 2 
7 8 . 0  E 4 H I S T  2 2 
NA M 4 4 1 2 
4 8 . 0  M 3 H I S T  2 2 
2 3 8 . 6 E 1 1 1 1 
NA D 2 2 1 1 
6 1 . 0  E 3 2 2 2 
NA D 2 2 1 1 
3 5 . 1  E 4 4 1 1 
N A  D 3 4 1 1 
NA ' E  4 H I S T  1 1 
NA E 4 3 2 2 
NA M 3 3 1 1 
9 6 . 0  E H I S T  4 3 3 
NA . E 3 2 1 1 
NA p 2 3 1 1 
4 8 . 0  M 3 3 2 2 
NA E 1 2 3 3 
7 6 . 8  E 2 4 1 1 
N A  E 3 3 1 1 
9 2 . 2  D 4 4 1 1 
6 9 . 8  E 3 '  3 3 3 
NA E 2 3 2 2 
NA D 2 2 1 1 
NA D 3 4 1 1 
NA E 4 4 1 3 
"" 
0 
A P P E N D I X  I I  C O N T I N U E D  
Mo u s e  I d e n t i f i c a t i o n 
NY��� r B o dy O v a r y  U t e r u s  U t e r i n e  Ho r n  
C o n s e c u t i v e  E x p e r i m en t a l  W e i gh t  W e i gh t  W e i gh t  V a g i n a� L e f t c R i gh t c L e f t  d R i gh � Numb e r  N umb e r  ( g r am s ) ( m g )  ( m g )  S m e a r  O v a r y  O v a r y  U t e r u s  U t e r u s  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
6 0  
6 1  
6 2  
. 6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
� 9 
7 0  
3 1 0 . 1 1 2 
2 7 4 . 1 1 0  
2 6 2 . 1 0 8  
2 0 0 . 1 1 4 
6 8 . 1 0 3  
1 6 2 . 1 1 3 
3 3 8 . 1 1 1  
9 8 . 1 0 7  
8 6 . 1 0 7  
2 3 0 . 1 1 1  
1 6 8 . 1 0 9  
2 4 0 . 1 1 1  
3 2 8 . 1 0 9  
2 3 2 . 1 1 2 
3 0 2 . 1 1 2 
3 6 0 . 1 1 0  
1 7 6 . 1 0 6  
1 9 8 . 1 1 2  
2 4 . 0  
2 3 . 9  
2 3 . 9  
2 3 . 9  
2 3 . 9  
2 3 . 8  
2 3 . 8  
2 3 . 7  
2 3 . 6  
2 3 . 5  
2 3 . 4  
2 3 . 3  
2 3 . 1  
2 2 . 9  
2 2 . 8  
2 2 . 4  
2 2 . 0  
2 0 . 0  
7 . 2 3 
4 . 5  
5 . 9  
6 . 5 
7 . 0  
5 . 8  
5 . 2  
6 . 6 
3 . 2  
4 . 6  
2 . 9  
6 . 2 
6 . 0 
6 . 2 
5 . 7  
6 . 9 
3 . 9  
5 . 5  
5 5 . 8  
5 7 . 2  
1 3 3 . 0  
1 7 2 . 9  
NA 
1 0 9 . 5 
3 8 . 4  
NA 
NA 
7 8 . 3  
8 9 . 8  
1 2 5 . 7  
4 8 . 0  
6 0 . 3  
9 7 . 7  
6 4 . 6  
NA 
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fem a l e . 
b V a g i n a l  sme a r s  w e r e  a s s i gn e d  t o  o n e  o f  f o u r  e s t r ou s  s t ag e s  P = p r o e s t r u s , E 
: e s t r u s , M = me t e s t r u s , o r  D = d i e s t r u s . 
c S c o r e s b a s e d ·on  t h e  l i b e r a t i o n o f  o v a  f r om o v a r i e s fo l l ow i n g  me c h a n i c a l  
" p unch i n g "  p r o c e d u r e s : 1 = n o  o v a , 2 = 1 - 5 o v a , 3 = 6 - 1 2  o v a  a n d  4 = g r e a t e r  
t h an 1 2  o v a . 
d S c o r e s b a s e d  on p r e s e n c e  an d l o c a t i o n o f  o v a  i n  r e p r o d u c t i o n t r a c t s : 1 = n o  
o v a  found i n  t r a c t s , 2 = o v a  i n  t r a c t s b u t  i n  a r e g i o n o t h e r  t h an t he o v i d u c t a l  
amp u l l a ,  a n d  3 = ri v a  l o c a t e d  i n  ampu l l a  o f  o� i duc t . 
\ �-....-._�'l  
()\ 
.:..... 
\.. "'..,. -... . '/ � 
APPI ND I X  I I I .  RAW DATA FROM I X P I R IMINT TWO- RI P RODUC T I YI P I R FORMANC I O J  GONADOTROP I N  TRIATID 
M I CI GRIATIR THAN 1 2 0  DAYS o r  AOI , LITHAL YI L LOW ( 6!/l )  O I NOTYPI 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mouae I de a t i c a t i oa C opu l a-
lh••�tr Body t o r y8 O v a ryt, 
Coaaecut i v e  l x pe r i aen t a 1  We i ch t  P l u c  We i ch t  
Nuaber Nuaber ( l r aaa ) ( + or - ) < •• >  
U t e rua 
We i ch t  
< •• >  
Nuab e r  N uab e r  Nu•b e r  1To t a l  
o f  o v a  
p e r c Ovary 
o f  vea l - Nuab e r  Nuab e r  
N o raa l cu 1 a t !d o f  e O v a  and 
Ova Ova l ab r yoa lab ryoa 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 3 88 . 204 5 2 . 2  - 2 4 . 4  7 3 . 7  1 2  2 2 0 4 
2 3 7 8 . 2 0 3  4 9 . 2 - 2 3 . 2  60 . 6  9 3 ' 1 0 4 
3 3 90 . 206 4 8 . 7 + 1 8 . 6  5 9 . 5  1 0  1 2  3 0 1 5  
4 3 7 4 . 2 06 4 8 . 0 - 1 5 . 7  4 9 . 7 1 3  1 8  0 0 1 8  
5 4 1 6 . 205 46 . 7  + 1 4 . 1  5 6 . 7  1 0  6 2 1 9 
6 4 1 6 . 206 4 5 . 6  + 2 2 . 6  7 4 . 7  1 2  5 1 0 6 
7 3.96 . 2 0 5  4 4 . 8  - 2 6 . 8 5 2 . 8  8 1 7  7 0 24 
8 350 . 2 0 3  4 3 . 8  - 2 1 . 4  7 1 . 1  1 3  1 4  3 1 1 8  
9 4 2 8 . 2 1 4  4 3 . 1  - 1 8 . 2 4 7 . 2  1 4  1 4  1 0 1 5  
1 0  4 0 0 . 205 4 2 . 9  - 2 4 . 4  5 0 . 5  1 6  2 8  0 0 2 8  
1 1  4 0 6 . 206 4 1 . 6  + 26 . 6  67 . 8  8 1 5  3 0 1 8  
1 2  346 . 2 0 1  4 0 . 9  - 1 8 . 7  6 9 . 5  2 8  1 5  1 0 1 6  
1 3  404 . 2 0 1  3 9 . 5 - 1 7 . 6  4 3 . 4  1 0  1 2  1 1 1 4  
1 4  4 2 2 . 2 0 9  3 9 . 5  - 1 4 . 7  4 6 . 8 1 2  1 6  1 1 1 8  
1 5  42 8 . 2 1 0 39 . 4  - 1 8 . 0  4 8 . 2 2 4  2 1  0 1 2 2  
1 6  440 . 207 38 . 9  - 1 6 . 4 4 4 . 7  2 7  2 6  8 0 3 4  
1 7  348 . 2 0 3  3 8 . 1 - 1 8 . 9  3 0 . 0  1 8  1 1  7 0 1 8  
1 8  3 7 0 . 2 0 3  3 7 . 2  - 1 7 . 1 34 . 4  8 5 5 1 1 1  
1 9  356 . 204 37 . 2  - 1 7 . 5  5 1 . 3  1 2  1 0  5 0 1 5  
2 0  448 . 2 07 3 7 . 1  - 1 5 . 6  4 9 . 0 1 5  1 0  4 0 1 4  
2 1  3 6 2 . 2 0 1  3 7 . 0  - 1 5 . 8  5 4 . 9  1 4  6 2 0 8 
2 2  4 2 0 . 2 1 3  36 . 8  - 1 6 . 1 1 2 3 . 9  1 3  9 2 0 1 1  
2 3  4 3 0 . 208 36 . 4  - 20 . 8  7 0 . 7  1 0  2 9  0 0 2 9  
2 4  4 1 4 . 202 3 5 . 8  - 1 8 . 2 4 6 . 1 1 7  2 0  9 0 2 9  
2 5  364 . 204 3 5 . 8  - 1 8 . 9  4 3 . 2  1 1  1 0  2 0 1 2  
26 406 . 204 3 5 . 6  + 20 . 1  4 6 . 6  1 9  1 0  0 0 1 0  
27 4 0 2 . 2 0 1  35 . 2  - 1 9 . 1 4 0 . 5  2 0  1 2  8 0 2 0  
2 8  . 4 68 . 2 1 3 3 5 . 0  + 1 3- . 0 64 . 5  1 6  1 2  0 1 2  24 
29 4 4 4 . 2 1 2  34 . 8  - 1 6 . 6  68 . 6  1 7  2 0  1 0 2 1  




APPIND I I  I l l  CONT I NUID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mou• e l den t i c a t i on C opu l a- Nuab e r  Nuab e r  Nuab e r  Tot a l  
Nu•b er B o dy t o ry Ovary U t e  rue o f  ova of vee i - N uab e r  N uab e r  
Coneecu t i ve- -ixper iaen t a l  We i 1h t  P l utt We i 1h tb We i lbt per No raa l cu l a ted o f  e Ova and 
Nu•b•r · Nu•b e r  ( I ra•• > ( + or - )  < •• >  < • • >  Ovarf- O v a  O v a d  l•bry.oe lab ryoe 
- - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3 1  2 5 2 . 2 0 2  34 . 2  - 1 2 . 0  7 1 . 4  1 2 0 0 2 
32 47 6 . 2 1 1  3 3 . 7  - 1 4 . 5  4 7 . 1  2 2  1 8  8 1 2 7  
3 3  1 90 . 2 0 2  3 3 . 4  - 1 0 . 6  5 4 . 7  8 2 .2 0 4 
34 4 2 6 . 2 1 0  3 3 . 2  - 1 7 . 7  3 6 . 9  1 1  1 2  2 0 1 4  
3 5  3 68 . 2 1 1  3 3 . 2  - 1 2 . 6  6 3 . 1  1 9  8 1 0 9 
36 4 3 0 . 2 1 2  3 3 . 1 + 2 0 . 3  74 . 9  7 3 1 2 7  3 1  
37 6 1 6 . 2 1 0  32 . 8  - 1 4 . 7  4 1 . 4  3 8  9 0 0 9 
3 8  482 . 2 0 9  3 2 . 2  + 2 1 . 0  4 4 . 9  1 3  2 0  1 0 2 1  
39 380 . 205 3 1 . 6  - 2 1 . 2  5 7 . 8  1 8  2 3  1 0 2 4  
4 0  2 68 . 2 0 2  3 1 . 1  + 1 6 . 6  4 3 . 8  4 5 5 0 1 0  
4 1  442 . 2 1 4  3 1 . 1 - 2 1 . 6  4 8 . 0  1 7  3 3  3 0 3 6  
4 2  4 3 8 . 2 0 7  2 9 . 9 - 1 7 . 7  6 0  
.
. 6 9 1 6  8 0 2 4  
43 4 90 . 2 1 2  2 9 . 9 - 1 3 . 9  5 2 . 2  25 8 4 0 1 2  
44 6 00 . 2 1 2  29 . 2  - 1 4 . 5  4 0 . 5  1 1  2 3  2 0 2 5  
45 4 98 . 208 2 8 . 7 + 20 . 2  69 . 4  2 3  1 4  4 1 6  3 3  
46 5 1 0 . 209 2 7 . 5  - 2 0 . 1  5 2 . 0  2 9  2 4  2 0 2 6  
4 7  3 0 0 . 208 2 7 . 3  - 1 4 . 5  4 2 . 7  1 5  2 0 0 2 
48 3 2 0 . 209 2 7 . 0  + 1 6 . 2  63 . 3  1 7  6 0 0 6 
49 4 96 � 21 1  2 7 . 0  - 1 5 . 4  4 7 . 8 . 2 0  25 3 0 2 8  
5 0  404 . 208 2 6 . 0 - 1 5 . 9  4 7 . 5  1 9  1 7  7 0 2 4  
5 1  5 0 6 . 2 1 1  2 5 . 7  - 1 7 . 0  5 5 . 2  4 0  3 0  0 0 3 0  
5 2  5 1 2 . 2 1 0  25 . 7  - 1 4 . 6  50 . 0  2 1  1 8  3 0 2 1  
6 3  466 . 207 25 . 6  - 1 5 . 4  3 6 . 8  1 8  1 6  0 0 1 6  
54 5 0 8 . 2 1 4  25 . 1  + 1 6 . 7  70 . 0  1 3  4 4 1 2  2 0  
55 3 80 . 2 1 3  2 2  - 1 4 . 6  1 3 3 . 4  8 1 0  6 1 1 7  
56 5 1 2 . 2 1 4  20 . 2  + 1 7 . 3  45 . 9  1 8  0 2 2 1  2 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a b A p l ue ecore ( + ) i n d i c a t e • t be preeence o f  a copu l a t o ry p l u1 . 
c The •u• o f  t be we i .h t •  o f  b o t h  over i e e · p e r  feaa 1 e .  
d Nu•be r  of ova r e 1 e a•ed fo 1 1 ow i n l  •ecban i ca 1  " punch i n l "  o f  owa . 
e Abnor• a l  ova w i t h  v e r i ab l e -• 1 • •  b l a e t oaere- l i k e  c oaponen t e  o f  b i lb l y  1 ranu l a r  o v a . 




APPIND I X  I V .  R AW DATA FROM I X P I R I MINT TWO- RI PROD UC T I Y I P I R FORMANC I O F  OONADOTROP I N  TRIATID 
MICI ORIATIR THAN 120 D AYS O F  AO I ,  CONTROL I LAC I ( !/ ! )  G I NOTYPI 
----- - --------- - - - -- - --- - -- - - - -- - - - -- - - - - - - - - - - --- - ---------- - - - - -- - ----------- - ----- - - - - -- - --- -----
Nou•• l de n t i c a t i on C opu l a-
MY��![ B ody t o r y8 
C on • ecut i v e  l x p a r i•en t a l  We i .h t  P 1 u• 
Nu•b • r  Nu•b er < • r••• ) ( + or - ) 
O v a r yb U t e r ua Wa i .b t  Wa i .bt 
< •• > < •• > 
Nu•b e r  Nu•b e r  Nu•b e r  To t a l  
o f  ova o f  v • • l - Nu•b e r  N u•b e r  
p e r  N o r• a 1  c u 1 a t!d o f  Ova and 
Ovaryc Ova O v a  l•b r yoae l •b r yo• 
------------------ ------------------------- --- ---- ---- --- ---- - - ----- --------------------------------
1 344 . 2 05 26 . 7  + 1 5 . 1  1 3 2 . 0  1 8  8 2 5 1 5  
2 4 3 6 . 2 0 8  26 . 5  + 1 9 . 9  'l9 . 4  1 5  2 6  . 3 3 3 2  
3 4 5 0 . 2 1 4  26 . 3  + 1 7 . 1  '7 6 . 0  2 3  4 5 1 6  2 5  
4 3 3 6 . 2 0 6  2 6 . 1 - 8 . 9 96 . 4  1 1 2  2 3 1 7  
6 37 6 . 20 1  26 . 0  - 1 6 . 1 7 7 . 5  1 8  1 7  5 0 2 2  
6 3 2 2 . 2 0 1  2 5 . 4  - 1 . 3  3 0 . 4  • 0 0 0 0 0 
7 384 . 2 0 3  26 . 1  - 1 6 . 0 5 0 . 4  1 0  5 " 1 0 6 
8 3 5 6 . 2 0 2  2 5 . 0  - 1 7 . 3  5 3 . 9  1 4  1 3  1 0 1 4  
9 2 4 2 . 2 0 1  2 5 . 0  - 1 4 . 4  3 0 . '7  8 1 4  6 0 1 9  
1 0  494 . 2 0 8  24 . 9  + 2 0 . 6  8 1 . 0  1 7  1 1  4 2 1  3 6  
1 1  4 80 . 2 1 2  2 4  .. 8 - 1 4 . 3  5 3 . 7  2 2  1 0  7 0 1 7  
1 2  4 86 . 2 1 2  2 4 . 7  + 1 1 . 0  68 . 0  8 1 4  1 0 1 5  
1 3  4 2 0 . 2 04 24 . 7  - 1 7 . 9  4 8 . 5  2 2  2 1  7 0 2 8  
1 4  340 . 2 0 5  24 . 6  + 1 2 . 6  8 2 . 5  3 8 l 4 1 3  
1 6  3 2 6 . 2 0 1  2 4 . 6  - 1 7 . 6  3 2 . 5  1 8  1 2  2 0 1 4  
1 6  3 86 . 2 0 2  24 . 5  + 1 6 . 8  7 3 . 8  1 7  8 0 1 2  2 0  
1 7  35 8 . 2 0 3  24 . 5  - 1 5 .  1 4 5 . 6  2 2  1 0  5 0 1 5  
1 8  4 2 0 . 2 1 1  24 . 4  - 1 4 . 5  5 5 . 7 : 2 9  1 7  4 0 2 1  
1 9  3 1 2 . 202 24 . 4  - 1 4 . 7  4 2 . 4  1 9  1 4  5 0 1 9  
2 0  64 6 . 2 1 1  24 . 3  - 1 6 . 0  60 . 7  1 4  9 1 0 1 0  
2 1  4 1 2 . 2 0 2  24 . 3  - + 1 8 . 2 86 . 1  2 6  1 0  8 • 8 2 6  
2 2  464 . 2 1 3  24 . 3  - 1 2 . 4  6 1 . 4  1 7  1 3  3 1 2 7  
2 3  368 . 206 24 . 2  + 1 4 . 1 90 . 7  8 6 1 2  3 2 1  
24 342 . 2 06 24 . 1  - 1 5 . 6  5 8 . 3  1 4  1 0  0 0 1 0  
2 5  4 1 4 . 207 24 . 1  - 1 9 . 1 6 4 . 5  1 1  7 0 0 7 
26 4 0 2 . 2 0 6  2 4 . 1  - 1 7 . 0  6 0 . 7  8 1 4  3 0 1 7  
27 4 1 6 . 209 2 3 . 9 + 1 9 . 2  64 . 3  1 0  6 0 2 6  3 2  
2 8  4 2 0 . 2 0 3  2 3 . 9  - 4 . 1 70 . 3  1 1 0 0 1 
2 9  4 6 8 . 2 1 1  2 3 . 8  - 2 2 . 8  66 . 3  1 0  3 2  4 0 3 6  
3 0  4 88 . 2 1 3 2 3 . 7  - 1 5 .  1 7 0 . 3  34 7 7 2 1 6  
0\ 
� 
\. ":.. -..�'l �. · 
Mouae I d en t i c a t i on 
�Y���r  Body 
Conaecu t i ve l x pe r i aen t a l  We i th t  
Nuab e r  Nuab e r  ( t raaa ) 
3 1  
3 2  
3 3  
3 4  
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4 1  
4 2  
4 3  
4 4  
4 5 
. 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
4 1 2 . 2 0 7  
4 2 4 . 2 0 9  
3 7 2 . 2 0 4  
5 3 6 . 2 0 8  
4 5 4 . 2 0 9  
3 2 4 . 2 0 4  
3 6 0 . 2 06 
4 5 6 . 2 0 7  
4 34 . 2 1 2 
4 0 8 . 2 0 3  
3 92 . 2 04 
5 0 2 . 2 1 3  
4 3 2 . 2 1 4 
5 0 4 . 2 1 4  
4 0 8 . 2 1 4  
3 98 . 2 0 6  
4 62 . 2 1 3  
4 5 2 . 2 0 8  
4 3 8 . 2 0 9  
5 1 8 . 2 1 2  
5 1 4 . 2 1 0  
4 7 8 . 2 1 1  
4 7 4 . 2 1 0  
4 1 0 . 2 0 7  
4 60 . 2 1 0  
4 3 6 . 2 1 0  
2 3 . 6  
2 3 . 6  
2 3 . 5  
2 3 . 4  
2 3 . 4  
2 3 . 9  
2 3 . 2  
2 3 . 1  
2 3 . 1  
2 3 . 1  
1 2 2 . 7  
2 2 . 7  
2 2 . 7  
2 2 . 6  
2 2 . 6 . 
2 2 . 4  
2 2 . 3  
2 2 . 2  
2 2 . 0  
2 1 . 9  
2 1 . 8  
2 1 . 7  
2 1 . 6  
2 1 . 4  
2 0 . 7  
2 0 . 5  
APPIND I X  I V  CONT I NU I D  
C opu l a­
t o r y  
P l ut 6 















Ovary b We i tbt 
< •• >  
1 8 . 2 
2 1 . 8  
1 4 . 4  
1 5 . 3 
1 4 . 9  
4 . 3  
1 2 . 8  
1 9 . 6 
1 9 . 8  
1 5 . 3  
1 3 . 7  
1 7 . 7  
1 8 . 8 
1 6 . 2  
1 4 . 0  
1 5 . 3 
1 4 . 1 
2 0 . 3  
1 4 . 7  
1 5 . 0  
1 7 . 0  
1 4 . 7  
1 4 . 7  
1 5 . 4  
1 0 . 1  
1 7 . 6  
U t e rua 
We i t h t  
< •• >  
5 6 . 8 
68 . 6  
4 7 . 9  
7 2 . 7  
60 . 3  
5 9 . 9  
66 . 3  
7 3 . 6  
80 . 0  
83 . 3  
7 3 . 1  
5 9 . 5  
6 1 . 7  
65 . 4  
1 5 9 . 0 
5 9 . 0  
6 1 . 5  
5 8 . 4  
64 . 0  
4 9 . 2  
7 0 . 0  
5 8 . 4  
6 7 . 3  
1 2 2 . 1 
5 5 . 5  
88 . 8  
Nuab e r  Nuab e r  Nuab e r  Tot a l  
o f  ova o f  v e a i - Nuab e r  N uab e r  
p e r  N o raa 1 cu 1 a t�d o f  O v a  a n d  
Ovary c Ova Ova l ab r yol l ab r yo a  
1 8  
2 6  
1 3  
1 0  
2 7  
2 
1 1  
2 3  
2 8  
1 6  
1 1  
1 6  
2 0  
1 7 
1 1  
1 1  
2 0  
3 0  
9 
2 1  
2 9  
1 0  
1 9  
2 0  
1 3  




1 6  
1 7  
0 
1 
2 4  










1 8  
1 9  i 
2 0  







































1 0  
8 
3 
2 3  
8 













1 3  
2 7  
1 0  
2 4  
2 3  
0 
2 1  
2 6  
3 2  
1 8  
5 
3 0  
3 7  
2 6  
8 
1 4  
6 
1 2  
2 2  
2 0  
2 5  
1 8  
2 3  
1 0  
1 3  
3 0  
: • p l ua a c o r �  ( + ) i n d i c a t e •  t he preaenee o f  • c opu l a t o r y  p l u  • . 
The a ua of t h e  we i th t a  of b o t h  ova r i ea pe r feaa l e .  
c Nuab e r  o f  ova re 1 ea a ed fo 1 l ow i n • aechan i c a 1  " punch i n • " o f  o v a . 
d Abnoraa l ova w i t h  v a r i ab l e - a l a e b l aa t oaare- 1 i ke coapone n t a  o f  h i ,h l y  •r a n u l a r  o v a . 
e Two- o r  four - ce l l  eab ryoa . 
d\ 
Vl 
Ap p e n d i x  V .  R e p r o du c t i v e  P e r f o rman c e  D a t a  F r o m  
T r i a l s  O n e an d Two o f  E x p e r i m e n t Two a 
R e p r o d u c t i v e  
p a r am e t e r  
m e a s u r e d  
N umb e r  o f  
fema l e s 
M e a n  b o dy 
we i gh t  ( g ) 
M e an o v a r i a n 
we i gh t  ( m g )  
M e an ut e r i n e 
w e i gh t  ( m g )  
M e a n  o o c y t e s  
m e c h an i c a l l y 
l i b e r a t e d /  
M e a n  n o rm a l 
o v a /  
M e a n  ab n o rm a l 
o v a/ 
M e an emb r y o s /  
M e a n  t o t a l  
o u t p u t /  
A y / a aj a A y / a a j a  
2 4  2 4  3 2  3 2  
4 0 . 2 ± 1 . 2  
b 
2 4 . 4 ± 0 . 2  3 1 . 3 ± 1 . 0  2 3 . 2 ± 0 . 2  
9 . . 1 ± 0 . 8  3 . 7 ± 0 . 9  6 . 5 + 0 . 4  6 . 6 :t 0 . 6  
5 4 . 4 ± 2 . 5  64 . 0 + 4 . 8 5 7 . 3 ± 3 . 7  6 5 . 7 ± 2 . 8  
1 2 . 1 ± 1 . 4  1 2 . 7 ± 1 . 1 1 8 . 2 ± 1 . 3  1 8 . 6 ± 1 . 2  
1 1 . 2 ± 1 . 4  8 . 9 ± 1 . 1 1 5 . 1 ± 1 . 5  1 2 . 8 ± 1 . 4  
3 . 0 :t 0 . 5  3 . 3 ± 0 . 7  2 . 4 ± 0 . 4  3 . l :t 0 . 4  
0 . 2 ± 0 . 1 2 . 2 ± 0 . 7  2 . 8 ± 1 . 2  4 . 6 ± 1 . 3  
1 4 . 4 ± 1 . 5  1 4 . 4 ± 1 . 6  2 0 . 7 ± 1 . 5  2 0 . 7 ± 1 . 6  
6 6  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a 
R e p r o du c t i v e  p e r f o rm a n c e  o f  g o n a d o t r o p i n - t r e a t e d � l l � 
a n d  � � �  m i c e g r e a t e r  t h an 1 2 0 days o f  a g e . 
b 
M e an + s . e . m .  
� · 
� 
A p p e n d i x  V I . An a l ys i s  o f  V a r i an c e  for D a t a  F r om T ab l e 2 .  
S o u r c e  o f  
V a r i a t i o n 
T r e a t m e n t  
E r r o r  
T o t a l  
AO V o f  B o dy W e i gh t  
D e g r e e s  o f  S um o f  M e an S um 
F r e e d om S q u a r e s  S q u a r e s  
1 
1 3 8  
1 3 9  
1 4 , 4 8 0 . 1 
2 , 8 6 9 . 8  
1 7 , 3 4 9 . 9  
1 4 , 4 8 0 . 1 
2 0 . 8  
F @ 0 . 0 5 = 3 . 9 2 
F @ 0 . 0 1 = 6 . 85 
C F  = 1 8 1 , 0 3 7 . 0  
T S S = 1 9 8 , 3 8 6 . 9 - 1 8 1 , 0 3 7 . 0  = 1 7 , 3 4 9 . 9  
T r t S S  = 1 9 5 , 5 1 7 . 1 - 1 8 1 , 0 3 7 . 0  = 1 4 , 4 8 0 . 1 
E r r S S  = 1 7 , 3 4 9 . 9 - 1 4 , 4 8 0 . 1 = 2 , 8 6 9 . 8  
S o u r c e  o f  
V a r i a t i on 
T r e a t m e n t 
E r r o r  
T o t a l  
AO V o f  O v a r i an W e i gh t  
D e g r e e s  o f  S um o f  M e a n  S um 
F r e e d om S qu a r e s  S qu a r e s 
1 
1 3 8  
1 3 9  
1 7 5 . 2  
6 6 6 . 4 
8 4 1 . 6  
1 7 5 . 2  
4 . 8 
F @ 0 . 0 5 = 3 . 9 2 
F @ 0 . 0 1 = 6 . 8 5 
C F  = 6 , 3 1 1 . 4  
T S S = 7 , 1 5 3 . 0  - 6 , 3 1 1 . 4  = 8 4 1 . 6  
T r t S S  = 6 , 4 8 6 . 6 - 6 , 3 1 1 . 4  = 1 7 5 . 2  
E r r S S  = 8 4 1 . 6  - 1 7 5 . 2  = 6 6 6 . 4  
F v a l u e 
6 9 6 . 3  
F v a l u e 
3 6 . 5 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S o u r c e  o f  
V a r i a t i o n 
T r e a t m e n t  
E r r o r  
T o t a l  
A O V o f  U t e r i n e  W e i g h t  
D e g r e e s  o f  S um o f  M e an S um 
F r e e d om S q ua r e s  S q u a r e s  
1 
6 8  
6 9  
2 2 , 2 9 2 . 8  
7 5 , 2 64 . 4 
9 7 , 5 5 7 . 2  
2 2 , 2 9 2 . 8  
1 , 1 0 6 . 8 
F @ 0 . 0 5 = 4 . 0 0 
F @  0 . 0 1 = 7 . 0 8 
C F  = 3 1 4 , 5 2 4 . 9 
T S S  = 4 1 2 , 0 8 2 . 1 - 3 1 4 , 5 2 4 . 9 = 2 2 , 2 9 2 . 8  
T r t S S  = 3 3 6 , 8 1 7 . 7  - 3 1 4 , 5 2 4 . 9 = 2 2 , 2 9 2 . 8  
E r r S S = 9 7 , 5 5 7 . 2  - 2 2 , 2 9 2 . 8  = 7 5 , 2 64 . 4  
6 8  
F v a l u e 
2 0 . 1 4  
A p p e n d i x  V I I .  A n a l y s i s  o f  V a r i an c e  f o r  D a t a  F r om T ab l e 3 .  
AO V o f  O v a r i an W e i gh t  f o r  F em a l e s i n  E s t r u s  
S o u r c e  o f  D e g r e e s  o f  S um o f  M e an S um 
V a r i a t i o n F r e e d om S qu a r e s  s·q u a r e s  F v a l u e 
T r e a t m e n t 
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 0 8 
F @ 0 . 0 1 = 7 . 3 1 
C F  = 1 6 7 6 . 5  
1 
4 2  
4 3  
6 . 7 
1 6 8 . 0 
1 7 4 . 7 
T S S  = 1 8 5 1 . 2  - 1 6 7 6 . 5  = 1 7 4 . 7 
T r t S S  = 1 6 8 3 . 2  - · 1 61 6 . 5  = 6 . 7  
E r r S S  = 1 7 4 . 7 - 6 . 7 = 1 6 8 . 0 
6 . 7 
4 . 0  1 . 6 8 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - � - - - -
� - - - - - - - - - - - - -
AO V o f  O v a r i an W e i gh t  fo r F e m a l e s i n  M e t e s t r u s  
S o u r c e  o f  D e g r e e s  o f  S um o f  M e a n  S um 
V a r i a t i o n F r e e dom S qu a r e s  S qu a r e s  F v a l ue 
T r e a t m e n t 
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 0 8 
F @ 0 . 0 .1 = 7 . 3 1 
C F  = 2 , 2 2 7 . 5  
1 
4 4  
4 5  
7 1 . 1 
2 7 9 . 7 
3 5 0 . 8  
T S S  = 2 , 5 7 8 . 3 - 2 , 2 2 7 . 5  = 3 5 0 . 8  
T r t S S  = 2 , 2 9 8 � 6 - 2 , 2 2 7 . 5  = 7 1 . 1  
E r r S S  = 3 5 0 . 8 - 7 1 . 1  = 2 7 9 . 7 
7 1 . 1 
6 . 4  1 1 . 1 1  
AO V o f  O v a r i a n W e i gh t  fo r F em a l e s i n  D i e s t r u s  
S o u r c e  o f  D e g r e e s  o f  S um o f  M e an S um 
V a r i a t i o n F r e e d om S qu a r e s  S q u a r e s  F v a l ue 
T r e a t m e n t  
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 2 1 
. F @ 0 . 0 1 = 7 . 6 8 
C F  = 1 , 5 9 9 . 9  
1 
2 7  
2 8  
5 3 . 8  
1 1 3 . 0  
1 6 6 . 4  
T S S  = 1 , 7 6 6 . 3  - 1 , 5 9 9 . 9  = 1 6 6 . 4  
T r t S S  = 1 , 65 3 . 7  - 1 , 5 9 9 . 9  = 5 3 . 8  
E r r S S  = 1 6 6 . 4  - 5 3 . 8  = 1 1 3 . 0 
5 3 . 8  
4 . 2 1 2 . 8 1  
6 9  
- - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
A O V  o f  O v a r i a n W e i gh t  f o r  F em a l e s i n  P r o e s t r u s  
S o u r c e  o f  D e g r e e s  o f  S um o f  M e a n  S um 
V a r i a t i o n F r e e d om S q u a r e s  S qu a r e s  F v a l u e 
T r e a t m e n t 
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 3 5 
F @  0 . 0 1 = 8 . 1 0  
C F  = 84 1 . 1  
l 
1 9  
2 0  
T S S  = 95 7 . 1 - 84 1 . 1  = 1 1 6 . 0 
T r t S S  = 8 7 8 . 8  · - 84 1 . 1  = 3 7 . 7  
E r r S S  = 1 1 6 . 0 - 3 7 . 7  = 7 8 . 3 
3 7 . 7  
7 8 . 3  
1 1 6 . 0  
3 7 . 7  
4 . 1 9 . 2 0 
7 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - -
AO V o f  U t e r i n e  W e i gh t  f o r  F ema l e s i n  E s t r u s  
S o u r c e  o f  D e g r e e s  o f  S um o f  M e a n  S u� 
V a r i a t i o n F r e e d o m  S q u a r e s  S qu a r e s  F v a l u e 
T r e a t m e n t  
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 2 6 
F @ 0 . 0 1 = 7 . 8 2 
C F  = 1 9 8 . 4 6 7 . 9  
1 
2 4  
2 5  
3 , 6 1 2 . 8  
4 8 , 0 4 4 . 4  
5 1 , 6 5 7 . 2  
T S S  = 2 5 0 , 1 2 5 . 1 - 1 9 8 , 4 6 7 . 9 = 5 1 , 6 5 7 . 2  
T r t S S  = 2 0 2 , 0 8 0 . 7  - 1 9 8 , 4 6 7 . 9  = 3 , 6 1 2 . 8  
E r r S S  = 5 1 , 6 5 7 . 2  - 3 , 6 1 2 . 8  = 4 8 , 0 4 4 . 4 
3 , 6 1 2 . 8  
2 , 0 0 1 . 8  1 . 8 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AO V o f  U t e r i n e W e i gh t  f o r  F em a l e s i n  M e t e s t r u s  
S o �r c e  o f  D e g � e e s  o f  S um o f  M e an S um 
V a r i a t i o n F r e e d om S q u a r e s  S qu a r e s  F v a l u e 
T r e a t m e n t  
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 3 8 
F @  0 . 0 1 = 8 . 1 8  
C F  = 6 2 , 4 1 8 . 9 
1 
1 9  
2 0  
2 , 4 5 4 . 2  
7 , 6 1 7 . 4  
1 0 , 0 7 1 . 6  
T S S = 7 2 , 4 9 0 . 5  - 6 2 , 4 1 8 . 9 = 1 0 , 0 7 1 . 6  
T r t S S  = 6 4 , 8 7 3  
.
. 1 - 6 2 , 4 1 8 , 9 = 2 , 4 5 4 . 2  
E r r S S  = 1 0 , 0 7 1 . 6  - 2 , 4 5 4 . 2 = 7 , 6 1 7 . 4  
2 , 4 5 4 . 2 
4 0 0 . 9  6 . 1 2  
7 1  
- - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - -
AO V o f  U t e r i ri e  W e i g h t  f o r  F em a l e s i n  D i e s t r u s  
S o u r c e  o f  D e g r e e �  o f  S um o f  M e an S um 
V a r i a t i o n F r e e d o m  S qu a r e s . S qu a r e s  F v a l u e 
T r e a t m e n t  
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 7 5 
F @ 0 . 0 1 = 9 . 3 3 
C F  = 2 3 , 4 3 5 . 7 
1 
1 2  
1 3  
1 , 8 6 2 . 2  
2 , 6 1 3 . 1 
4 , 4 7 5 . 3  
T S S = 2 7 , 9 1 1 . 0  - 2 3 , 4 3 5 . 7  = 4 , 4 7 5 . 3  
T r t S S  = 2 5 , 2 9 7 . 9 - 2 3 , 4 3 5 . 7  = 1 , 8 6 2 . 2 
E r r S S  = 4 , 4 7 5 . 3  - 1 , 8 6 2 . 2  = 2 , 6 1 3 . 1 
1 , 8 6 2 . 2  
2 1 7 . 8  8 . 5 5 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AO V o f  U t e r i n e  W e i gh t  fo r F em a l e s i n  P r o e s t r u s  
S o u r c e  o f  D e g r e e s  o f  S um o f  M e an S um 
V a r i a t i o n F r e e d o m  S qu a r e s  S q u a r e s  F v a l u e 
T r e a t m e n t 
E r r o r  
T o t a l  
F @ 0 . 0 5 = 5 . 9 9 
F @ 0 . 0 1 = 1 3 . 7 5 




2 , 1 3 6 . 2 
3 , 3 9 2 . 2  
5 , 5 2 8 . 4  
T S S  = 5 9 , 4 0 2 . 4  - 5 3 , 8 7 4 . 0  = 5 , 5 2 8 . 4  
T r t S S  = 5 6 , 0 1 0 . 2  - 5 3 , 8 7 4 . 0  = 2 , 1 3 6 . 2 
E r r S S  = 5 , 5 2 8 . 4  - 2 , 1 3 6 . 2  = 3 , 3 9 2 . 2  
2 , 1 3 6 . 2 
5 6 5 . 4  3 . 7 8 
Ap p e n d i x  V I I I .  A n a l y s i s  o f  V a r i an c e fo r D a t a  f r om T ab l e 5 .  
A O V o f  B o dy W � i gh t  
S o u r c e  o f  
V a r i a t i o n 
D e g r e e s  o f  S um o f  M e a n  S um 
F r e e d om S qu a r e s  S q u a r e s  
T r e a t m e n t 
E r r o r  
T o t a l  
F @ 0 . 0 5 = 4 . 0 0 
F @ 0 . 0 1 = 7 . 0 8 
C F  = 9 6 , 9 8 4 . 8 
1 
1 1 0 
1 1 1  
T S S  = 1 0 3 , 6 0 9 . 5 
T r t S S  = 1 0 0 , 6 3 9 . 7  
E r r S S _ = 6 , 6 2 4 . 7 -
3 , 65 4 . 9  
2 , 9 6 9 . 8  
6 , 6 2 4 . 7 
9 6 , 9 84 . 8 = 6 , 6 2 4 . 7 
- . 9 6 , 9 84 . 8 = 3 , 6 5 4 . 9  
3 , 6 5 4 . 9  = 2 , 9 6 9 . 8  
3 , 65 4 . 9  
2 7 . 0  
F v a l u e 
1 3 5 . 3 7 
- - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - -
S o u r c e  o f  
V a r i a t i o n 
T r e a t m e n t  
E r r o r  
T o t a l  
A O V o f  O v a r i an W e i g h t  
D e g r e e s  o f  S um o f  M e a n  S um 
F r e e d om S q u a r e s  S qu a r e s  
1 
1 1 0 
1 1 1  
1 4 3 . 6  
1 , 5 6 4 . 2  
1 , 7 0 7 . 8  
1 4 3 . 6  
1 4 . 2  
F @ 0 . 0 5 = 4 . 0 0 
F @ 0 . 0 1 = 7 . 0 8 
C F  = 3 0 , 4 7 2 . 2  
T S S  = 3 2 , 1 8 0 . 0 - 3 0 , 4 7 2 . 2 = 1 , 7 0 7 . 8  
T r t S S  = 3 0 , 6 1 5 . 8  - 3 0 , 4 7 2 . 2  = 1 4 3 . 6 
E r r S S  = 1 , 7 0 7 . 8  - 1 4 3 � 6 = 1 4 . 2  
A O V o f  U t e r i n e  W e i gh t  
S o u r c e  o f  
V a r i a t i o n 
T r e a t m e n t  
E r r o r  
T o t a l  
D e g r e e s  o f  S um o f  M e a n  S um 
F r e e d om S qua r e s  S q u a r e s  
1 
1 1 0 
1 1 1  
3 , 7 2 8 . 4  
4 5 , 2 0 8 . 6  
4 8 , 9 3 7 . 0  
3 , 7 2 8 . 4  
4 1 1 . 0  
F @ 0 . 0 5 = 4 . 0 0 
F @ 0 . 0 1 = 7 . 0 8 
C F  = 1 , 5 9 9 . 9 
T S S  = 4 7 7 , 1 8 6 . 4 - 4 2 8 , 2 4 9 . 4  = 4 8 , 9 3 7 . 0 
T r t S S  = 4 3 1 , 9 7 7 . 8  - 4 2 8 , 2 4 9 . 4  = 3 , 7 2 8 . 4 
E r r S S  = 4 8 , 9 3 7 . 0 - 3 , 7 2 8 . 4  = 4 5 , 2 0 8 . 6  
7 3  
F v a l u e 
1 0 . 1 1 
F v a l u e 
9 . 0 7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S o u r c e  o f  
V a r i a t i on 
T r e a t m e n t  
E r r o r  
T o t a l  
AO V o f  O v a  P e r  O v a r y  
D e g r e e s  o f  S um o f  M e an S um 
F r e e do m  S q u a r e s  S q u a r e s  
1 
1 1 0 
1 1 1  
0 . 0  
6 , 2 3 9 , 1 
6 , 2 3 9 . 1 
0 . 0 
5 6 . 7  
F @ 0 . 0 5 = 4 . 0 0 
F @ 0 . 0 1 = 7 . 0 8 
C F  = 2 8 , 0 0 3 . 9  
T S S = 3 4 , 2 4 3 . 0. - 2 8 , 0 0 3 . 9  = 6 , 2 3 9 . 1 
T r t S S  = 2 8 , 0 0 3 . 9 - 2 8 , 0 0 3 . 9 = 0 . 0  
E r r S S  = 6 , 2 3 9 . 1 - 0 . 0  = 6 , 2 3 9 . 1 
A O V · o f  N o rm a l  O v a  i n  T r a c t  
S o u r c e  o f  
V a r i a t i o n 
T r e a t m e n t  
E r r o r  
T o t a l  
D e gr e e s  o f  S um o f  M e an S um 
F r e e d om S q u a r e s  S qu a r e s  
1 
1 1 0 
1 1 1  
1 3 2 . 9  
6 , 3 7 7 . 1 
6 , 5 1 0 . 0  
1 3 2 . 9  
5 8 . 0  
F @ 0 . 0 5 = 4 . 0 0 
F @  0 . 0 1 = 7 . 0 8 
C F  = 1 6 , 7 5 8 . 0 
T S S  = 2 3 , 2 6 8 . 0 - 1 6 , 7 5 8 . 0 = 6 , 5 1 0 � 0 
T r t S S  = 1 6 , 8 9 0 . 9  - 1 6 � 7 5 8 . 0 = 1 3 2 . 9 
E r r S S  = 6 , 5 1 0 . 0 - 1 3 2 . 9  = 6 , 3 7 7 . 1 
7 4  
F v a l u e 
0 . 0 0 
F v a l u e 
2 . 2 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S o u r c e  o f  
V a r i a t i on 
T r e a t m e n t  
E r r o r  
T o t a l  
AO V o f  Ab n o rm a l O v a  i n  T r ac t  
D e g r e e s  o f  S um o f  M e a n  S um 
F r e e d o m  S q u a r e s  S q u a r e s  
1 9 . 1 9 . 1 
1 1 0 8 1 8 . 3 4  7 . 4  
1 1 1  8 2 7 . 4  
F @ 0 . 0 5 = 4 . 0 0 
F @ 0 . 0 1 = 7 . 0 8 
C F  = 9 6 0 . 6  
T S S = 1 , 7 8 8 . 0 
T r t S S  = 9 6 9 . 7  
E r r S S  = 8 2 7 . 4  
S o u r c e  o f  
V a r i a t i o n 
T r e a t m e n t 
E r r o r  
T o t a l  
- 9 6 0 . 6  = 8 2 7 . 4  
- 9 6 0 . 6  = 9 . 1 
- 9 . 1 = 8 1 8 . 3 
A O V o f  E mb r y o s  i n  T r a c t 
D e g r e e s  o f  S um o f  M e a n  S um 
F r e e d o m  S qu a r e s  S q u a r e s  
1 1 6 7 . 6  1 6 7 . 6  
1 1 0 4 , 0 5 6 . 7  3 6 . 9  
1 1 1  4 , 2 2 4 . 3  
F @ 0 . 0 5 = 4 . 0 0 
F @ 0 . 0 1 = 7 . 0 8 
C F  = 9 5 4 . 7 
T S S = 5 , 1 7 9 . 0 - 9 5 4 . 7 = 4 , 2 2 4 . 3  
T r t S S  = 1 , 1 2 2 . 3  - 9 5 4 . 7  = 1 6 7 . 6  
E r r S S  = 4 , 2 2 4 . 3  - 1 6 7 . 6  = 4 , 0 5 6 . 7  
7 5  
F v a l u e 
1 . 2 2 
. . 
F v a l u e 
4 . 5 4 
S o ur c e  o f  
V a r i a t i o n 
T r e a t m e n t 
E r r o r  
T o t a l  
AO V o f  E mb r y o s  a n d  O v a  
D e g r e e s  o f  S um o f  
F r e e d o m  S q u a r e s  
1 
1 1 0 
1 1 1  
2 7 . 0  
8 , 8 1 3 . 4  
8 , 84 0 . 4  
F @ 0 . 0 5 = 4 . 0 0 
F @ 0 . 0 1 = 7 . 0 8 
C F  = 3 6 , 9 0 2 . 6  
T S S = 4 5 , 7 4 3 . � - 3 6 , 9 0 2 . 6  = 8 , 84 0 . 4  
T r t S S  = 3 6 , 9 2 9 . 6 - 3 6 , 9 0 2 . 6  = 2 7 . 0  
E r r S S  = 8 , 8 4 0 . 4 - 2 7 . 0  = 8 , 8 1 3  
.
. 4 
i n  T r a c t 
M e an S um 
S q u a r e s  
2 7 . 0  
8 0 . 1  
7 6  
F v a l u e 
0 . 3 4 
